Zwei-Ebenen-Optimierungsaufgaben mit nichtkonvexer Zielfunktion in der unteren Ebene: Pfadverfolgung und Sprünge by Vogel, Steffen
  	 
	  ﬀﬂﬁﬃ ﬁ
!
 " $#%ﬃ&'ﬃ()+*)  ),-.&/ﬃ$'
0 1! ﬃ!2!  
3





























FILNL]AC=ZFI=$?$AYBcAY=-T@\NMSFBcr¨AC\NMcACBb= ?$ACBRD¨FH"JLNM OF[MnQ OJ$BRT-FMWVACX^FMW\NHJ=$?ª_`=Qa;>BcX^FMc\]H ?$AYBRdei
mnAYBcopFIH[FI?ACX\]AqDŁBcAY\]r¨ACBco©?$\NA¢rsAY\ DGBcFIo>AY=@\NX^XACBnAC\]=ª;IsAC=AChj¯xV$BeVŁFMcMcAC= 


















Y [Zﬃ\] _^D`ba-c`bdfegZ[d 
h ibjlk_monpjoqsrtkﬀu v
> mnACoIBc\Nshcr\]L]?J$=$o |qﬂ|ﬂ|ﬂﬂ|ﬂ|ﬂq|ﬂﬂ|ﬂ|ﬂﬂ|ﬂq|ﬂ| 
>  ¦\]=@¢;>X^L]A0r¨AC\Nhc$\NACL |ﬂ|ﬂﬂ|ﬂ|ﬂq|ﬂﬂ|ﬂ|ﬂﬂ|ﬂq|ﬂ| 
> 0N ¤¦Bb;>r$L]AYX^hMWAYL]L]J=$o-ﬂ|ﬂﬂ|ﬂ|ﬂq|ﬂﬂ|ﬂ|ﬂﬂ|ﬂq|ﬂ| w
> 0   O;>hbJ$=$o>hcFI=$hcFM

|ﬂ|ﬂﬂ|ﬂ|ﬂq|ﬂﬂ|ﬂ|ﬂﬂ|ﬂq|ﬂ| P´
> 0yx zeAFL]Aﬂ¢ACo>AYrsAY=$V$AC\MWAY=9ﬂ|ﬂ|ﬂq|ﬂﬂ|ﬂ|ﬂﬂ|ﬂq|ﬂ| >
>{x ¦\]=ª³J$hbr$L]\NgSHUﬂﬂ|qﬂ|ﬂ|ﬂﬂ|ﬂ|ﬂq|ﬂﬂ|ﬂ|ﬂﬂ|ﬂq|ﬂ| >
v |}~rtk_tmlunpk hpv
0 DŁ;>BcXJL]\]AYBcJ$=o?$AChj«  AC\ 0¦rsAY=$AC=""¤<Bb;>r$LNACXhEﬂﬂ|ﬂ|ﬂﬂ|ﬂq|ﬂ| l




0  TUAC=o>AC=pMWVAC;>BbAYMW\NhcgSV$A O;>hcrŁFBcHIAY\NMchcopFIBcFI=pMW\NAC= ﬂﬂ|ﬂ|ﬂﬂ|ﬂq|ﬂ| >





  ﬀn[rtk_ ﬁﬀﬂﬃﬀq! qsj"#ﬀn%$'& (frtktu npk  h
x 0gSV RFgSV$A  O;>hbJ$=$o>AY=/ﬂ|ﬂ|ﬂﬂ|ﬂ|ﬂq|ﬂﬂ|ﬂ|ﬂﬂ|ﬂq|ﬂ| x
x  ³h*)0XMc;IMW\NhcgSV$A  O;>hcJ=$o>AC=-FIL]h0sA

\]FILNQ FILNLhbgSV nFIgSV$AYB  O;>hbJ$=$o>AY= ﬂ| x>
+ ,q-ﬀn.ﬂ&qsj"#ﬀn0/1ﬃnpj32>i4-nRkﬀnpk52768ﬃﬀqsj"ﬂ jonp}~rtktu +




$>  KMSFMc\];>= OFBcAxJ$=?UHKBc\MW\NhcgSV$Aﬂ¤¦J$=$HpMWAﬃ|ﬂﬂ|ﬂ|ﬂﬂ|ﬂq|ﬂ| Cw
$>yx E\]gSVpMW?ACo>AY=$ACBb\]ACBMWAﬂHKBc\NMc\]hbgSV$Aq¤¦J$=$HpMWA ﬂ|ﬂ|ﬂﬂ|ﬂq|ﬂ| ²0
$>  ze\]gSVpMcJ$=$o>hcFIr$L]AY\NMcrŁFIBcHAC\M?$ACB  O;>hbJ$=$o>hQaJ$=$HpMW\N;>= ﬂ|ﬂq|ﬂ| ²
$  ¯xMW\NXZFILN\NMPOFM \]=ª?$ACBe³jJQaopFIr¨A:9 T «°¯<; ﬂq|ﬂﬂ|ﬂ|ﬂﬂ|ﬂq|ﬂ| ²I
$ 0N °;>H[FILNACBRJ=$?UoIL];>rŁFL]ACB¯¢0MW\]X^FILN\NMlOF[MWhcr¨ACoIBc\N |ﬂﬂ|ﬂq|ﬂ|  x
$ 0  T@;IMW\kIF[MW\];I= hcJ$ro>L];>r$FIL]AYB  O;IhcJ$=$oIAC= ﬂﬂ|ﬂ|ﬂﬂ|ﬂq|ﬂ| wI´
$ 0yx xA>=Ł=$\MW\];I= ?$ACBehcJr$o>L];IrŁFIL]AY=  O;>hcJ$=o>AC= |ﬂ|ﬂﬂ|ﬂq|ﬂ| wFx
$ 0  xAYBE0¨A

\]FILNQ FL]L¨?$ACBeAC\N=$ŁFIBcFIXAYMWBb\]hbgSV$AC=@J$=pMWAYBcAC=-¦rsAY=$A ﬂ| ?8w
@ ibjlk7ﬃt }sﬂ n8q}~j"#ﬀnA/Bﬃnpj32WiC4-npktnpkD2ErFu 4-npk G v
²0 x\]AxoIAC=$AYBc\]hbgSV$AC=UdH)"¨AC= ﬂ|ﬂﬂ|ﬂ|ﬂq|ﬂﬂ|ﬂ|ﬂﬂ|ﬂq|ﬂ| p²





F[M\]=ª?$AYBEAY\]=$$FIBWFIXAYMcBc\NhcgSV$AY=-«  AC\ 0¦rsAY=$AC=K¯xMW\NX^\NACBcJ=$o>w
$ joqnC}sqsrﬀ}!Inp}-J8npj"tk_j" hRv h
K L
d [\ `bd:] 












X\]ACBbAC=$?A «\NACLNQaJ=$HpMW\];I= kI;>=  AC\MWAYBcAC= : FIBc\]FIr$L]AY=+Fr$V OFI=$oM© ?$ACBbAC=  ACBMWAk>;>BbBWFM e\]A












J McJ$= ©$\N= ?$ACX TnAY\]=$AY=+AYBbMeFJ$h ^5F=$=$ACV"
XAC=-H[FI==  +FIhFIJQ¦?$AY= ACBbhbMcAC= mnLN\]gSHe\]AﬂAC\N=$Aﬂo>A |O;>V=$L]\NgSV$A ¯xMc\]X\]ACBbJ$=$o>hcFIJQaopFrsA





V$;>VACX T-F>AE$Bb;>r$L]AYXZF[MW\]hbgSV K³r$V OFI=$o>\NoﬂkI;>= Q J$=? T¦hc;IL]LGhc\NAj= OFX^LN\]gSV="JB r¨A

OJ$o>L]\NgSV
TX^\N=$\]X\]AYBbM  ACBb?$AC= © nFIh hbgSV$;>=ﬃFI=?$\NAChcAYX ¤¦J$=$HpMª?$\NA6DŁBWFIoIA-=ŁFIgSV	?$AYX V$\NACB

J
k>AYB  AC=$?AC=$?$AY= ¯xMc\]X^FIL]\MlOFMchcr¨ACo>Bb\N-FIJQ e\NBbQ M¨"\]AﬂhbMWAYL]LMjhb\]gSVU\]=-?ACB zEAYo>ACLf=KJ$B?ŁF=$=
=$\NgSVKMC©°Q FIL]LNh _:9`TV;¢QSOJB}FILNL]AT ] ^ ?$\]AqFIBc?\]=ŁFILN\NMPOFMq¦\]=$hﬂVŁFMﬂJ$=? hc;>X\NMq?\]A$jACr¨AC="
r¨AC?$\N=$o>J$=$o Y#Q ] _89`TV;
[
AC\N=Q FIgSV.FILNhAC\N=$A V$AYBcHsO;>XX^LN\]gSV$A©sŁFhchcAY=$?.o>A |OFIVLNMWA¤<J=$HpM
¤¦J$=$HpMK³r$r$\NL]?$J=$oQXQ9RTV;Qa;>BbXJ$LN\]ACBM nAYBc?$AY=H[FI=$=  ³LNL]A Q	\]= 9®«  ¯E³ ; |OFIBbAC=




AC= ©RFh^?$\NAªACr¨AC= r¨AChbgSV$Bc\NACr¨AC=$AY=	0gSV e\]A 
Bc\No>HIAY\NMcAC= ACLN\]X\]=$\NACBbMC  AY\]?$AYBq\]hbMq?\]A¦\]=$AYL]AYX^AY=KMc\]o>HAC\Mq?$ACBq³rr$\]LN?$J$=$o _89RTV;QSOJ$BﬂFILNL]A
T ] ^=KJ$BnAY\]=$AYB HKLNAC\]=AC=ZJ=$?Z\N=^?$\NAChbACB ³Bcr¨AC\M AC\]=AEJ=KMcACBbo>AC;>Bb?$=$AMWAbze;>L]LNARhc\]ACLNAC=$?AC=
¢LFIhbhcA¢k>;I=-mnAY\]hb$\]AYL]AC=ªAY\]o>AY= 
ijBbhc$BbJ$=$o k>;I=.³jJQaopFIr¨AC=6?ACh¢d )0h:9 «  ¯E³C;hc\]=?6X^AY\]hbMV$\]AYBWFIBbgSV$\]hbgSV$A"McBcJ$HpMWJBcAC=©
?$\NAxk>;>=ªQa;>L]oIAC=$?$AY=-¦\No>AC=$hbgSVŁFQ McAC=@o>AC$BOFIoIMEhc\N=$? £













Q ] _89 	TV;
¢F _2X^AY\]hbM ;>r!bAYHpMW\NkIA¢¦\]=$hbgSV$BPOF=$HKJ$=$o>AY=UF=Z?$\NA +FIV$LŁk>;>= Qª\N=Z³jr$V OFI=$oI\]o>HAC\NM











TV;eAC\]=A}BWF[MW\];I=ŁFIL]Aq³j=KM  ;>BM°xAYBDŁ;>LNL]; nAYBjV$FI=$?$AYLNMxJ=KMcACBx?ACX <\N=NMŁJ$hbh
?$AYhE¤ FIBcFIX^AMWAYBcheJ$=$?@AYkIAC=pMWJ$AYL]L  AC\NMcACBbACB|OFIJ">AYBcAYBeD¨FHKMc;>BcAY=@kO;>LNL]\No}hcAYL]r$hMlOFI=?$\]o$

xAYB °AFI?ACB kIACBchbJ$gSVpM ="J=hbAC\N=$AC=¤±FIBWFIXAYMcACB±?$ACBcFIBbM








x\]A-mnACoIBc\NsA°ACFI?$ACB J=$?DG;IL]L];  ACBVŁFIr¨AC=	\]X «J$hcFIXX^AY=$VŁFI=$o+X^\MZ?$AYBªij=pMWAYBchbJ0
















J AYBcV O;>VAC= x\]A?$FIBWFIJhnBcAYhcJ$LMW\NACBcAY=$?$AY= ³JQaopFrsAY= hc\N=$? ?ŁFI=$=ZrsA 
H[FI=$=pMEFILNheTUACVBcACr¨AC=AC="¯xMc\]X\]AYBcJ$=$oIhc$Bb;>r$L]AYX^AJ$=$? eJ$Bc?$AY=UAYrsAY=$hc; e\NA¢?$\]Aq«  AC\ 
¦rsAY=$AC=K"³JQao>FIrsAY=-AYBchbMcXZFL]hr¨AChcgSVBc\]AYrsAY=UkI;>=$#&%('*),+-&.0/(132546137,8 9 hc\NACV$A:9 xp²ﬀ; ;

















OP9RQSUTV;  Q W %$X^\N=
Z &
T ] '[´.S"(













5 ﬃﬀ<5 Q=3  ´


































































































?ŁFIhbh Q OJ$B TJIAY\]=$A ³j=KM  ;>BMPQ ] 9PO| SW´ ;
?$AYhqDG;IL]L];  ACBbh¢FIJQ McBcAYMcAC=6H[FI=$=© ?$\]A}?$AC=
«\]AYLNQaJ$=HKMc\];>=h  ACBbM =$ACopF[MW\Nk J$=$?	?ŁFX^\M






?ŁFIhbhjQSOJ$B TJI?ACBxDŁ;>LNL];  ACBX\NM Q ] 9 ´NS ;
BcACFIo>\NACBcAY= HsO;>==KMcAI© n;IBWFIJ$hﬂAC\N= hbgSV$L]AYgSV0
MWAYBcAYB±FL]h°?$AYB QSOJB5T T43fACBbBcAC\NgSVKrŁFIBcA «\NACL
QaJ$=$HpMc\];>=$h nAYBbM´ BcAChbJ$LNMc\]AYBbMWA
mnAY\]?$A<:<;>BcoIACV$AY=$h  AC\NhcAC=VŁFrsAY=}\]VBcA mnACBbACgSVpMW\No>J$=$oxJ=$?}hb$\]AYL]AC=|\]=|?$ACB « nAY\ 0¦r¨AC=$AY="
¯xMW\NX^\NACBbJ$=$oxAY\]=$A e\NgSVpMW\]oIA zE;>LNL]AITUFI=rsAYX^AYBcHpM©>?$FIhch<r¨AC\$AY\]=$AYB  O;>hcJ$=o>hcAYBcX\NMcMcL]J$=o
\]=
O
ijr¨ACBbAC\N=$hbMc\]XXJ$=$oqX\NM<?$AYB \N=?ACB L]\]=HIAC= 0ŁFILMWAe?$AYB d±FIr¨ACL]LNArsAYhcgSV$Bb\]AYrsAY=$AC=@"McBWF[
MWAYo>\]A?$AYB °AFI?ACB FIJ0Qo OJ$=$hMW\No>AI©fX O;Io>L]\NgSV$ACB nAY\]hcAhc;IopFIBﬂJ$=pMWACBbhbMIOJM

AC=$?$AzeAFIHpMc\];>=$AY=
?$AYhDŁ;>LNL]; nAYBchRV;IsMC© n;IV$\]=$oIACo>AY=UAY\]=ª=ŁFIgSV@?$ACBeBbACgSVpMWhEo>ACoIACr¨AC=$AY= mnAYo>BOJ$=?$J$=$oZ<=pM




























eJ=$o>AC=6\NhbMC©¨?\]A| OJ0MWA !bAY?$ACh 	T ]0^?$FIV$\]=o>ACV$AY=$?

J J$=pMWAYBchbJ0
gSV$AY= © nAYL]gSV$AY= +AYBbM ?$AYBn«\NACLQaJ$=$HpMW\N;>=ACB<r¨AC\G³=  AC=$?J$=$o?$AYB<;>MW\NX^\NhbMc\]hcgSVAC= 9 ¨AChbhc\ 
X\]hbMc\]hbgSV$AC= ;n"MWBcFMWAYo>\]Ajo
O


























J$=$? hbJ$gSVpM FI=$hcgSVL]\]A >AC=?6OJ$rsAYB ?$AYB








FILNL]ACB T ©$Q OJ$B?$\]A¢AY\]=$A%zeAFIHpMc\];>=ª?$AYhjDŁ;>LNL];  ACBchOJrsAYBcVŁFIJMEA0\]hMW\]AYBbMC





¯xMW\NX^\NACBbJ$=$o>hcFIJQaopFIr¨AXZFgSVKMC ¯xV$=$A :<ACB  AC=?$J$=$o?$AYB rsAY\]?$AY=ﬀ¤ FBWFIXAYMcACBcr¨A  ACB§
MWJ=$o>hbQaJ=$HpMW\];I=$AC=
ﬃ ﬁﬂ














































OJ$r¨ACB T ] ^5?$\NA¢;>rsAYBcAﬂ¦rsAY=$AI









AC=k>;>= 9 «  ¯e³ ;Z?ŁFI?J$BcgSVo>ACHAC=$=

AC\NgSV$=$AM hc\N=$? ©R?$FIhchª?$\NA







;>hbAC=$?$AY=  AC\NMcACBbAC= ¯xMc\]X\]AYBcJ$=$oIhWFIJQao>FIrsA 9®¯E³C;
?$A>=Ł=$\]AYBbMe\NhbMx\]AmnAChMW\]XXJ$=o ?$ACB 
O
;>hbJ$=$o?$AChe¤¦Bb;>r$L]AYX^h 9 ¯E³C; Q
O
J$BnQaAYhbMWAYh T ] ^ﬃ\]hM
?ŁFI==U?$\NA¢³JQao>FIrsA¢?ACBeJ$=pMWAYBcAC=-¦rsAY=$AI
:<ACBcFIL]LNo>ACXAC\N=$ACBb=$?\]hbM ACh ?$AChbVŁFILNr)=ŁFMIOJ$BcLN\]gSV)FJ$gSVﬀX O;Io>L]\NgSV ©x?$\NA XAC\]hM kI;>X DŁ;>L













¯xMW\NX^\NACBbJ$=$o>hcFIJQaopFIr¨AEFIJQ ¤¦Bb;>r$L]AYX^A©K\]=Z?AC=$AY= _:9`TV; FL]h 
O
;IhcJ$=$oIhcXAC=$o>AAC\]=ACBn¯¢0MW\




?$AY=$HKrŁFIBCx\]AE³r$V°OFI=$o>\No>HIAY\NM ?$AChHQ k>;>= T<H[FI=$= FIL]hb;

J$X m AC\]hb$\]AYLG\]= DŁ;>BbX AC\]=AChnAY\]=0

























e\]Bb?-?$\NAﬂmnACVŁF=$?$L]J=$o^kI;>= ¯xMW\NX^\NACBbJ$=$o>hb$Bc;>rL]ACXAC= \N=U?ACBJ=KMcACBbAC=6¦r¨AC=$A}FIJ$gSV \N=
?$\NAChcAYBe³Bcr¨AC\Me?$AC=@o>BO;IMWAY=zjFIJXAC\N=$=$ACVX^AY= 
 AC\NMcACBbV$\]=|hbMWAYL]LM hc\NgSV?$\NARDŁBWFIoIAI©[;>r\]XDGFILNLK?ŁFIhch_:9`TV; QSOJ$B FIL]LNAHT ] ^!AC\N=$ACLNACXAC=pMW\Noj\NhbM©
?$AYBmnACo>Bb\N ?$ACB « nAY\ 0¦r¨AC=$AY="¯xMW\NX^\NACBbJ$=$o>hcFIJQaopFIr¨A F? OF KJŁFM\NhbM±x\]A^AC\N=$?$ACJ0MW\]oIA
mnAYhbMW\NX^X|MWV$AY\NMR?ACBeBWFMc\];>=$FIL]AY= ³=pM  ;>BbME?$AYhjDŁ;>LNL];  ACBchnJ$=$?@?$\]Ax?$FIBWFIJhEBbAChbJ$LNMc\]ACBbAC=$?A









_`X 0\N=$=$A?$\]AYhcAYB|hMWBcAY=$o>AY=+³JhcL]AYo>J$=$o@VŁFI=?$ACLM|AYh|hb\]gSV ?$ACX=ŁFIgSV rsAY\ ?ACB¢Qa;>L]oIAC=$?$AY=
³J0QaopFIr¨A













































































































































































































































































































 ﬃ <5  5 ﬃ 












;#$  5 ﬁP5 E
DŁBWFIoIAChbMcACLNL]J$=$oIAC= ©P?$\NAnFJQ$AY\]=$An« nAY\ 0¦r¨AC=$AY=""³jJQaopFIr¨A 9®«  ¯e³ ; Q OJ$V$BbAC= ©lMWBbAYMWAY=}\N=}?$AYB
zeAFILN\NMlOF[M¢BcAYgSVKM}V OFIJN=$o-FIJ0Q§±¦\N=$A?$ACBﬂrsAYH[FI=$=pMWAYhbMWAY= ? OJ$BQ MWA?$\]A¤¦Bc\N=

\NŁFIL "³o>AY=pMWAC=K










1N.1 76\]= 9  w ; r¨AChbgSV$Bc\NACr¨AC= 
bdc;: < kqu>=@?BADCopqfFE
n@fik4mGCok4f p





L]\NgSVk>;>=H - 7n.¦©JI24K+-+1 75J$=?)6%LK7n,ﬁ1\]= 9 ﬀ;J$=$? 9 x ;xr¨AChbgSV$Bc\NACr¨AC= E"AC\]=A







































































































































































































            



















































































































































































































































































































































































































































































                                   
              
   
   

































































































































































































































































































































































































































































































































































































































































































































       
 
                    
                                    
                                   
                        
             
             
             
            
         
         
         
         
         















       
     











































































































































































































































































































































































































































































































































































































































































































































































































        
       
         
     
 
         
   
   
         
   
   
          
         
           
         
         
           







h v lh /}- 4 mon ﬂ :qnpmlm rtkﬀu
x\]AZV$;>V$AY=0JrKkIAC=pMW\N;>=$AY= Q OJ$B?\]A ACJBc;> OF\]hcgSVA  FI=? e\]BMWhcgSV$FQ Mhc; e\]Aª?$AYB +J=$hcgSV































J^X\]=$\NX^\NACBbAC= «  AC\NMcACh «\NACL$\NhbM¦AYhC©p?$AY=




















FIJ0Qnm BWFIgSV$L]FI=$?6AYBchbMcAC=$hﬂAC\N=$AC=.T@ACV$BcFIJQ nFI=$? FI= ³Bcr¨AC\MxVŁFrsAY= © J$=$?

nAY\NMWAY=$h
?$\NA ?$\]BbACHpMWAY= m BWFIgSV$L]FI=$?"00J$rpk>AY=KMc\];>=AC= kIACBbL]\]AYBcAY= ¦xACBAYB

\NACLNrŁFIBcA <BbL`O;>h X}J"
FILNhc;FIJ$hQ FIL]LNAC=$?Aq0J$rpk>AY=pMW\];I=$AC= J=$?U³jBcr¨AC\MWhWFJQ RF=$?
O
JrsAYBchbMcAC\No>AC= 
mnAYo>\]=$=AC=e\]BRX\NMn?$ACX¤<Bb;>r$LNACX ?ACB  FI=$? e\NBbMcAIŁxAYBn:<ACBbAC\]=0Q FIgSVKJ$=$oVŁFIL]r¨ACB n;>LNL]AY=
e\]BJ$=hZFIJ0QxAC\N=$AC=!AC\N=




















JB jACBbhbMcACL]LNJ$=$o kI;>= mn\];IH"BcFQ MWhMW;IsAC=6VACBchMWAYL]L]AY=  E\]AYB
hc\N=$? Q J$=$?  :<AYHpMW;>BbAC= ©¨?$ACBbAC= AY\]=

ACLN=$A}¢;>X¨;>=$AC=pMcAC= Q±J$=$? ¢FI=$oIACr¨AC= © e\]Ak"\]ACL




AC=$hb;>BbMcABcAYhcACBk"\]ACBbAC= X O;>gSVpMWAIxAYh  AC\NMcACBbAC=
L OF IMﬂACB jACHpMWFIBhcAY\]=$AYh}³jgSHIACBbh r$BWFgSV L]\]AYo>AC= +AY=$= ACBﬂ\]=$hbo>AChcFIX}M OJ$rsAYB	 jACHpMWFIB





mnBcFIgSV$LF=$? FIJ0Q MWAC\NL]AY= ©p?ŁF|\]=?$ACBnqAYhWFIX|MWV$AY\NM hcAC\N=ZopF=

AYh  FI=$?ZFIJQao>AMWAC\NLNM e\NBc? "x\]A
Qa;>LNo>AC=$?A6mnAC?\]=$o>J=$o r¨AChcgSVBcAC\NrMª?$\NA6DŁ;>Bc?$AYBcJ$=o$©n?ŁF  ?$\]A 0J$XX^A OJrsAYB FIL]LNA-?$\NAChbA













 FV$BcJ$=o>hcX\NMbMWACLN$Bc;"?$J$HpMc\];>= kIACB  AC=?$AYMcAC= ³gSHACBbLFI=$?AChFJQ

P´>´ ?$ACh|o>AChcFIX}MWAY=
³gSHACBbLFI=$?ACh:9 ?$FIhxhc\N=$? r¨AC\Nhc$\NACL]h nAY\]hbA ?p²?$AYhxo>AChcFIX}McAC=6³gSHACBbLFI=$?ACh ;   AC=$=e\]B
=ŁFM OJ$BcLN\]gSV$AYB  AC\NhcAFI=$=$AYV$XAC= ©°?ŁF U?$AYB fF=$? e\]BMq?$\]AYhcA^mnAC?\]=$o>J=$o k>;>LNL]hbM OFI=$?$\NoªFIJ$h§
=KJM












hc;IBbMWAY=UBbAChbACBbk"\NACBbMcAC=-D L`OFIgSVAC=@=$\]gSVpMe=$AYopFMW\k hcAY\]=ª? OJ$BQaAC= £
Q	´Q OJ$BEFIL]LNAUS 	´Q OJ$BEFIL]LNAﬀSﬁﬂ	´B0 9 x ;
¦\]=$A@¢BcJ=$?ŁFI=$=$FIV$XA ?$AChZTU;"?$ACLNL]hr¨AChMWACVpM^?ŁFIBb\]= © ?$F ?$ACB  FI=$? e\]BbMhbAC\N= ³jgSHIACB§
LF=$? hc;6J=KMcACBMWAC\NL]AY= X O;IgSVKMcAI©±?ŁF6ACB|AC\N=$AC= X^F[0\]X^FIL]AY= ¢A e\N=$= r¨AC\]X :<AYBcH[FIJQE?$AYB
FIJQ±hcAY\]=$AYX  FI=$?@o>A RFIgSVhcAC=AC=6¤¦Bc;"?$J$HpMcA|FJQf?$ACX TUFIBcHpMEACB

\]AYLNMC  AC=$= e\]BR?$FPkI;>=














nQ OJ$B<?$\]AeFJQ AY\]=$AYX jAYHKMWFIB<o>A nFIgSV$hbAC=$A¢TUAC=$oIA !bAY?$ACB ¤BMGFI=

AC=$hb;>BbMcAAYBcX\NMcMcACLN= >¢F[
X\NMRAYBco>\NrMhb\]gSV@AC\]=@¢A e\N=$= k>;>=!ﬃ Q°QSOJ$B?\]A¢FIJ0QQ EACHpMSFIBeo>A RFgSV$hcAY=$A TUAY=$o>Aq?$AYB












k>;I=U?$AYBzEAYo>\]AYBcJ$=$o =;0gSV$#¢¢ACL]?AC\]=V$AC\MWAC= QSOJB !bAC?$AY= EACHpMSFIBe=$\NgSVpMjr¨A e\NBbMchcgSVŁFQ McAYMcAC=












#' 9  ;
r¨ACBcAYgSV$=$AY= $¦\]=?$AY= ¢A e\]==ZX^F[0\]X\]ACBbAC=$?ACB FI=$? e\NBbMe\]Bb?ZFL]hc;qhbAC\]=^³gSHACBcL]FI=$? hb;
FIJQ McAC\NL]AC=©p?ŁF}?\]AEDŁJ$=$HpMW\N;>=A9a ;<AY\]=$AY=ZX^F[0\]X^FIL]AY= +AYBbMRFI=$=$\NX^X}M<J=KMcACBnmnAFIgSVpMcJ$=$o






e\NhcgSV$AY= r¨AC\]?AC=ZqBO;>AC= ﬃ¨J$=$?  Rhb;>L]LŁV\]ACB<FrsAYB =\]gSVpM J$=$ACB |OFIV$=pM
r$LNAC\]r¨AC=£ OFIV$BbAC=$?@hc\NgSVª?$\]Aq« FV$L ﬃ J$=ŁFIrV OFI=$o>\Nok>;>X 	\]BcHAC=ª?$AYB zeACoI\]ACBbJ$=$o ?$JBcgSV
?$\NA T-FIBcHpMcH"B OFQ MWA<AYBco>\NrM© e\NBc?q?$\NA¦_`=$?$J$hMWBc\NA<?$\]A<FIJ0QAY\]=$AYX jAYHKMWFIB o>A nFIgSV$hbAC=$ARTUAC=o>A
FI=@¤BMGFI=

AC=@Q OJ$B?$\]A EACBbhbMWAYL]LNJ$=$o k>;>=Umn\N;>HKBWFQ MchbMW;AY=

J@AC\]=ACX¤¦BcAY\]h  xFIJ0QaHFJQaAC= ©
?$AYBAk>AY=KMcJ$ACLNL OJ$rsAYB?$ACX T-FBcHpM nAYBbM^L]\NACoIMC¦¢L]AC\NgSV

AY\NMc\]o \NhbM?$\NAChcAYB¤<BbAC\Nh^FJ$gSV!kI;>=
?$AY= ?$J$BcgSV ?\]A$zEAYo>\]AYBcJ$=$o-FI= ?$\NAZ_`=$?J$hbMcBc\]A^o>A

FIV$LMWAC= 0J$rpk>AY=KMc\];>=AC= Fr$V OFI=$oI\]o$
0AY\0?$AYB TUFIBcHpM  ACBbM X^\Mﬂ<J=$??$AYB±³jJQ RF=$? ?$ACh	 FI=$? e\NBbMWAYh±r¨AC\NX³=KrŁFIJ}?$ACB ﬀI MWAY=
¤BMGFI=

AC=$hb;>BbMcAQ OJ$B ?$\NAjAYBchMWACLNL]J$=ok>;>=mn\N;>HKBWFQ MchbMc;IAY= FIJQGAY\]=$AYX EACHpMSFIB ³gSHIAYBcL]FI=$?
X\NM  r¨A

AC\]gSV=$AYMCs¢F=$=ªACBcoI\]rMehb\]gSVª?$ACBj¢A e\N=$= !bA EACHpMSFIBe³jgSHIACBbLFI=?-FILNh
  ﬂ
%
 O   0 9 ² ;
³Jh-"\]gSVpMª?$ACB<zeACoI\]ACBbJ$=$o \NhbMª?ŁFIr¨AC\?$\]A ¢BPO;>A 

J$= OFIgSV$hM-J="r¨ACH[FI==KM@J$=?ﬃhb;>L]L
r¨AChbMcX O;Io>L]\NgSV rsAYhbMc\]XX}M  ACBb?$AC= s«J r¨ACXACBbHIAC=@\]hM=ŁFMIOJ$BcLN\]gSV ©0?ŁF ?$\NAx;>Mc\]X^FIL]AE³J0Q
MWAY\]LNJ$=$o hcAY\]=$AYhe³gSHIAYBcL]FI=$?$AYhj?$JBcgSV-?AC= fF=$? e\]BM !bAYM

MEACr¨AC=0Q FIL]LNhnk>;>X¤ FIBcFIX^AMWAYB 
FIr$V°OFI=$oIMC
 AC=$?$AY= e\]BﬂJ$=$h|="J= ?$ACX ¤¦Bc;>rL]ACX ?$AYBﬃzeACo>\NACBbJ$=$o

J  xACX «\]AYL<?$ACB}DO;>Bc?ACBcJ=$o
?$AYB jAYBchMWACLNL]J$=o|k>;I=ªmn\];>HKBcFQ MWhMW;IsAC=^o>ACX-OFﬂhc;>LNL]AC=ZFIJQ°X\]=?$AChMWAC=h  I jAYHpMSFIB fF=$?
AC=pMchc$BbACgSV$AY=$?$A ¤BMGFI=

AC=-FI=$o>AYrŁFIJM  ACBb?$AC= G_`X T@;0?$AYL]L AYBco>\NrMehc\NgSV


   I 9® ;
FILNh AC\N=$A ?$\NAChcAYX «\]AYLjAY=pMWhcBcACgSVAC=$?$A mnAC?$\N=$o>J$=o$  AC=$=	X^FI=	FIJ$h ?AC=FIJQ|AC\N=$ACX
jAYHpMSFIBfo>A nFIgSV$hbAC=$AY=¤MŁFI=









	 9 w ;
?$\NA\]=$hbo>AChcFIX}M¢VACBcoIAChbMcACLNLNMWA TUAC=$oIAFI= mn\];IH"BcFQ MWhMW;IsAC=6=$FIgSV ;>rsAY=  «J6r¨AFIgSVpMcAC= \]hM





hcAYL`; ¢FIh rsAY?$ACJ0MWAYMC©?ŁF  9 w ;¦AC\No>AC=pMcL]\]gSV^X^AYV$BcAYBcAxoIL]AC\NgSVŁFIBMW\]oIAjm AC?$\N=$o>J$=$oIAC= h*)0X}rs;>LN\
hc\NACBM0: FBc\Fr$L]AqBO;>AY= \]X ¤<Bb;>r$LNACX ?$ACB zeACo>\NACBbJ$=$ohb\]=$? ?$\NA O;IV$A¢?$ACB0Jk>AY=pMW\];I=$AC=




	´ QSOJBeFIL]LNAﬀ0 9 ? ;
x\]ADzeACo>\NACBbJ$=$o e\]Bc? =KJ$= r¨AChbMcBcAYrMhbAC\]=©f?\]A O;>V$A?$AYB 0J$rpkIAC=pMW\N;>=$AC= hb;

J rsA 














AC=pMchbMWAYV$AC=ª?$AYBgzeACoI\]ACBbJ$=$o|AC\]=ACBchbAC\MWhR¢;>hMWAY= \]= O;>V$Aek>;I=  j¢ACLN?$AC\N=$V$AY\NMWAY=^QSOJ$Bn0J$r"
k>AY=pMW\];I=$AC= [³=?$ACBbACBchbAC\MWh hbŁFIBbM±hc\NAnFrsAYB FIJgSV# qAYL]?$AY\]=$V$AY\NMcAC=ﬂAC\]=©P?$\]A hc;>=hbM QSOJB±=$\NgSVpM












«J}r¨AFgSVKMcAC=\NhbM±V$\]AYBcr¨AC\®©P?ŁFhb; n;>VL59  ;fFL]hfFIJ$gSV?\]A<L]\N=$HIAY= 0AY\NMWAY=}?$AYB mnAY?$\]=o>J$=$o>AY=
9® ; J$=$? 9 w ; k>;I=^?$AYB<?$J$BcgSV^?$AC=  FI=$? e\NBbM<o>A |OFIV$LMWAC=³J0Q MWAC\NL]J$=oﬂhbAC\N=$ACh<³gSHACBbLFI=$?ACh
FIr$V°OFI=$o>AY= ex\]AYhcA6³J0Q MWAC\NL]J$=o!H[FI==ﬃ=$\NgSVpMª?$J$BcgSVﬃ?$\]A zeACoI\]ACBbJ$=$o?$\NBcACHpM@r¨ACAC\N=NMŁJ"M
 ACBc?AC=¨¢FIX\NMAY=pMWhbMcACVpMEQa;>L]o>AY=$?$A¢³jJQaopFIr¨A¢Q OJ$B?$\]AKzeACoI\]ACBbJ$=$o$£





\NAC=pMWAY=  e=ŁFIgSV09®² ; ?ACB FI=$? e\]BbM hcAY\]= \NV$X

J$BR:<ACBQ OJ$o>J$=$ohMWACVAC=$?$AYhj³jgSHIAYBcLF=$?ª?$J$BcgSV-TU\N=$\]X\]AYBcJ$=$o|?$ACBeDŁJ$=HKMc\];>=
9a ;ﬂJ$=pMcACB ?$AY= EACr¨AC=Kr¨AC?$\N=$o>J$=$oIAC= 9-; © 9® ;|J$=? 9 x ;|hb;6\]= D±L`OFIgSV$AY=Q`©
 |J$=$? @FIJQ MWAY\]LNAC= e\NBc? © ?$Fª?$\]ADŁJ$=$HpMc\];>= 9  ;X^\N=$\]X^FIL e\]Bb? J$=$? ?$\]A
mnAY?$\]=o>J$=$o>AY= 9  ;©9 w ;nJ$=? 9"? ;nAC\N=$o>ACV$FILNMcAC=nAYBc?$AY=
[
h v  v $& (frtktu(  k Rq!J
xJ$BbgSVZDŁAChMWLNACo>J$=oﬂ?ACB 
O
;>VAC=?$ACB 0J$rpkIAC=pMW\N;>=$AC= " rsAYhbMc\]XX}M<?$\]A zeACoI\]ACBbJ$=$oﬂDŁBWFI=Hp














_`=³r$V OF=$o>\]oIHIAC\M¦k>;>=^?$\]AYhcAY=Z¢FMcAC=rsAYhbMc\]XX^AY=?\]A  FI=$? e\NBbMcAE?\]Ae;>Mc\]X^FIL]A ³JQ McAC\
L]J=$oª\]V$BbACh  FI=$?$AYh|\N=.mnBWFIgSV.MfOFIgSV$AY=+J$=$?.\]=6QSOJ$Bq?$\NA jAYBchbMcACLNL]J$=$oª?$AYB¢k>ACBbhcgSV$\NAC?$AY=$AC=
¤BMGFI=

AC=$hb;>BbMcAC=-kI;>BcoIAChcAYV$AC=AC=6D L OFIgSV$AY= 
x\]AYhcA zeAFIHpMc\];>=AYBbQa;>LNoIM

J= OFIgSV$hMU=KJ$B@FIJ0Q}?$AYX ¤±FI$\]AYB J$=$? e\]Bb?\]=?$\NA DGJ=$HpMW\
;>= 9® ;eAC\]=o>AChbAYM

MsxJ$BcgSVU: FIBc\]FMW\N;>=ª?$ACB<=pMchcgSV$AY\]?$J$=o>hbkFIBb\FIr$LNAC=  ¢?$ACB zEAYo>\]AYBcJ$=o
e\]Bb? ?$\NAChcAZ="J= rsAYhbMWBbACrMhcAC\N= © ?AC=  ACBbM?$ACB}DGJ=$HpMW\];I= 9® ;qJ$=pMWAYB ¦\]=$VŁFLNMWJ=$o ?$AYB
mnAY?$\]=$oIJ$=$o>AY= 9  ;©9 w ;nJ$=$?9 ? ;

J@kIACBbBc\]=o>ACBb= 
x\]A T-F[0\]X\]AYBcJ$=$o-?$ACBDŁJ$=$HpMc\];>= 9a ;|J$=pMWAYB?$AC=!mnAY?$\]=$oIJ$=$o>AY= 9§-;|r$\Nh 9 x ;ﬂ\]hbMAC\]=A
L]\N=$AFBcA ¯xMc\]X\]AYBcJ$=$oIhWFIJQao>FIrsAf¤<Bb;>r$LNACX^FMW\NhcgSV \]hM !bAY?$;0gSV?$AYBcAY= x\NX^AY=$hc\N;>= © nAY=$=





zeACo>\NACBcJ=$o hcJ$rpk>AY=pMW\];I=$\]AYBbM© hc;.HsO;>=$=pMWA@X^FI= k>ACBbhcJ$gSVAC= ©Rhb\]gSV!?$J$BbgSV

J0QbOFIL]LN\]o>A +FIV$L





?$AYB O;IV$A|?ACB¢"J$rpk>AC=pMc\];>=$AY=.FIJQ¦?$\NA!bA  AC\]LN\]o>AY= ¢;";>Bc?$\N=ŁFMcAC= nAYBbMcA}FI=o>AC=$;IX^XAC=$AY=
 ACBbMcAj?ACB DGJ=$HpMW\];I=%9  ;

J^kIACBchbgSVŁFsAC= ¢FIBWFJ$h<L]\]A >Ahc\NgSVZ?ŁF=$=ZAk>AC=pMcJ$ACLNLAC\N=$A:<ACB§













\]hM 9 ²0;>BMWAY= ;




o>AYL`O;>hMWAC=¤<Bb;>r$LNACX 9 ?ŁFh	nAYhcAY=KMcL]\NgSV X^AYV$B=zeAFILN\NMPOFMWhb= OFIV$A FIJQ  AC\NhbM ; AC\N=$\]o>A ij=pMcACBchbgSV$\]A 










« FIVLR?$ACB¤±FIBWFIXAYMcACBJ$=$?!?$AYB^¦=pMWhbgSV$AC\N?$J$=$oIhbkFIBc\]FIr$LNAC=!rsAY\?$AC= mRFIJ$AYBc= 9 !bA 





;>hbM nAYBc?$AY= ©°\]=$?ACX XZFI=-?$\]A|BWFMc\];>=ŁFL]A/zEACFIHpMW\];I=
































x\NAj_`=$?J$hbMcBc\]AHF=$= \]V$BbACBbhcAC\MWhR=;0gSVª¦BcL O;>hcAFIJ$hR?ACX :<AYBcH[FIJQ ?ACBRr¨AC\s?$ACBiEX
nFI=$?$LNJ$=$o k>;I=+¤BMGFI=

AC=.\]= ¢BcFQ MWhMW;I+AC=pMWhMWACVAC=$?$AY=5jAYrsAY=$$Bb;0?$JHKMcA^AYB e\NBbMb
hbgSVŁFQ MWAY= $_`= ;>r\]o>AYB kIACBcAY\]=Q FgSVKMcACBE¢FIBbhbMWAYL]LNJ$=$o eJ$Bc?$A¢?\]AChbAqT O;>oIL]\]gSVHIAC\MR=$\NgSVpM
r¨AFIgSVpMcAYM<³jJ">ACBb?$ACX9ACBcV°OFILNM?$\NA _`=$?$J$hMWBb\]A@FIJ$gSV =$;0gSV 0JrKkIAC=pMW\N;>=$AY= Q OJ$B ?$\NA
V$AYBco>AYhbMcACL]LMWAY=^m \];>HKBWF[Q MWhbMc;IsAhcACLNr$hbMC©p?$\]Ar¨AC\Ł?ACB zEAYo>\]AYBcJ$=oﬂAYBc=$AYJM ¢;>hbMcAC=k>ACB§
J$BbhWFIgSVAC= 

: O;>L]LN\]o FIJ"IACB^FIgSVpM o>AYLFIhbhcAC= eJ$Bc?$AU?ŁFIh^¤¦Bc;>r$LNACX ?$AYBZ_`=$?J$hbMcBc\]A©  ACLNgSV$AChZ\]X
;>r\]o>AY= TU;"?$AYL]L¦=KJ$B}?J$BcgSV ?\]A^qLNAC\NgSV"J=$o 9®² ;xrsAYhcgSV$Bb\]AYrsAY= e\]Bc?°_`=+?$AYB}¤¦BWFl




AC=³L]h^³=$V$FILNMchc$J$=HKM QSOJB AC\]=A hc;>LNgSV$A ¦=pMWhcgSVAC\]?J$=$o!HO;I=$=$AC=	AYBc=$AYJM




J$= OFIgSVhbM ?\]A XZF[MWV$AYXZFMc\]hbgSVA FIHpMWA DG;IBcXJ$LN\]AYBcJ$=$o
?$AYB «  AC\ 0¦rsAY=$AC=""<r¨AC=AC="¯xMc\]X\]AYBcJ$=$oIhWFIJQao>FIrsAªJ$=? ?$AYB^r¨AC\\NV$BcAYBmnACVŁF=$?$L]J=$o




McAC=  O;>hbJ$=$o>hbrsAYo>Bc\AUhcAC\N=  <hQa;>L]oIAC= AY\]=$\No>An;IV$L]r¨ACH[FI=$=pMcA HKLFIhbhc\]hbgSV$A XAC=0
o>AY=KMcV$AC;IBcAYMc\]hbgSV$A O;>hbrŁFIBbHIAC\MWhbopFIBWF=KMc\]AY= 
¢FIBcFI= hbgSV$L]\NA IM^hc\NgSVAC\N=$A-³jr$hcgSV |OFIgSVKJ$=$o!?$AYB AC\N=$o>AYQSOJV$BbMcAC=  O;>hbJ$=$o>AY=FI= © ?$\]A-FIL]h
hcgSV nFIgSV$A O;>hcJ=$o>AC=6r¨A

AC\NgSV$=$AYM nAYBc?$AY= °0\NA|A 0\]hbMc\]AYBcAC=-J$=pMWACBhcACVBjk"\]AYL  AC=$\No>ACBjBcA 
hbMcBc\NHKMc\NkIAC=UmnAC?$\N=$o>J$=o>AC=@J$=$?@HsO;>=$=$AY= FILNhFIhV)"XMW;MW\]hbgSVU\N=pMWACBb$BcAMW\NACBbM ACBb?$AC=
xACBª³jr$hcgSV$=\NMcM- r¨ACV$FI=$?$AYLNM@?ŁFI=$=ﬃ?$AC=2DGFIL]L®©R?ŁFIhbhU?$\NA.¤<J=$HpMTUAY=$o>AS"³r$r\]L]?J$=$o





J= OFIgSV$hM zeAChcJLNMSF[MWAOJ$r¨ACB<?$\]AE¦\]oIAC=$hbgSVŁFQ MWAY= ?$AYB




















T@\]=$\NXJ$Xhc$J$=HKMcA¢?$ACBeJ$=pMcACBcAY= ¦r¨AC=$AqhcgSV  ACB












?$ACh ³r$hbgSV$L]J$hbhcAYh ?ACB LN;>H[FIL]AY=TU\N=$\]X}J$X^hb$J$=$HpMcA
?$AYBEJ=KMcACBbAC= ¦r¨AC=$Aﬂr¨ACBcJVKMC
x\]AxmnAYMcBWFIgSVpMWJ=$oZ?$AYhDGFILNL]h ?$ACBeAC\N=$ŁFIBcFIXAYMWBb\]hbgSV$AC=-¯xMW\NX^\NACBcJ=$o>hWFJQaopFIr¨AC= 9`T ]
 
;
\]=?$AYB<J$=pMWACBbAC=Z<r¨AC=A e\NBc??$AC=³r$hbgSV$L]Jhchn?ACB<³BbrsAY\NM<r$\NL]?$AY= p¢F e\]B<J$=$h<?ŁFrsAY\GFIJQ











FIJ$gSV^FIJQ?$\]AAY=pMWhcBcACgSVAC=$?$Aﬂ«  AC\ 0¦rsAY=$AC=K"³JQao>FIrsA
O








«  AC\ "<r¨AC=AC="¯xMc\]X\]AYBcJ$=$oIhc$Bb;>r$L]AYX^hY© ?$\NA xAﬁ=$=$\NMc\];>= ?AChmnACoIBc\Nsh ?$AYB ;>MW\NXZFL]AC=








: cb ﬁ?dj A sopqkqfYj=sou\h rofimﬃﬂ  fik"!J< n@fiu\fiu#!%$ j ?nopqf A m






Q ] _89RTV;'&)( 0
9 «  ¯E³C;











MWA!;<BcAYACL]L nAYBbMc\]o>ADŁJ$=HKMc\];>=p¢F  J$=? AY=$?$L]\NgSV
hcAY\]=@hc;>LNL]AY= ©r¨AChbgSV$B OFI=HIAC=e\NBJ$=$hEFILNhc;FIJQ±AC=$?L]\]gSV"`?$\NX^AY=$hc\N;>=ŁFILNAj:<ACHpMc;>BcB OFIJ$XAI
_ £5^ W 
hcAC\<AY\]=$A¤¦J$=$HpM0TUAC=$oIA "³jr$r$\]LN?$J$=$o 9®¤ TU³C;© ?$\]A!bAY?$ACX ¦L]AYX^AY=pMﬂkI;>=
^AC\N=$A 9 X O;>o>L]\NgSV$ACB nAY\]hbAﬂLNACAYBcA!;ed±AY\]LNX^AY=$o>A¢k>;>= (

J;>Bc?$=AYMsmnAY\±?$AYBxA>=Ł=$\MW\];I=U?$AYh
¢BWFI$VAC=@o>Bc$V _AC\]=ACBe¤ TU³ _k>AYBbQ FIVBcAC= e\]B e\NA¢rsAY\OJ$r$L]\NgSV$AC=UDŁJ$=$HpMW\N;>=$AY= - £





























?$;>X _£  '!T ] ^ *._89RTV;B(10
0\NAE\NhbM ?$ACX

J0Qa;>L]o>Ae?$\NAjTUAC=$oIAxFILNL]ACB¦?ACB !bAY=$\]oIAC=PT FJ$hH^ﬂ©p?$\NAj?J$BcgSV _5FJQ AY\]=$AE=$\]gSVpM
L]AYACBbATUAC=o>AFIr$o>AYr$\]LN?$AYM nAYBc?$AY= °¢FZV\]ACBb\]=-kI;>=6k>;>Bb=$V$AYBcAC\N=6=KJ$Bq¤ FIBcFIXAYMWAYB  ACBMWAT
r¨AYMWBcFIgSVpMWAM  ACBb?$AC= ©<?$\NA \]= ^AY=KMcVŁFILMWAC=hb\]=$? © Qa;IL]oIMFJ$h?$\]AYhcACBDŁAChMWLNACo>J$=o.oIAC=ŁFIJ"
o>AY=$;>XX^AY= hb;IQa;>BbM|?$\NAZ¢L]AY\]gSV$VAC\NMﬂ?$;IX _  ^  .?;>X _±0;>LNL<FIL]LNACBc?\]=$o>h¢oIAChc;I=$?$ACBM
V$AYBbk>;IBco>AYV$;>r¨AC=  ACBb?$AC= ©s?ŁFIhbhAC\N=
	
T
 ﬀﬃ;$0AC\N=U?$AYX  ACFI?$AYBxF$Bc\N;>Bc\

J$Bj:<AYBbQ OJ$o>J=$o
hbMcACV$AY=$?$AYB ¤ FIBcFIXAYMWAYB\]hbMC© >$"=#$6AC\]= ACBbMC©¦Q OJ$B^?AC= zeAFIHpMc\];>=$AY= ?ACh DŁ;>LNL];  ACBch








xACBRMWFMWhOFIgSV$LN\]gSV$A  ACBM 	T ] ?$;>X _?$AYhE¤ FIBcFIX^AMWAYBch TR\N= ;>r$\]oIACX¤¦Bb;>r$L]AYX e\NBc? k>;>X
°AFI?ACB<k>;>Bbo>ACo>AYrsAY= K_`=Z³jr$V OFI=$oI\]o>HAC\NM<kI;>=Z?$AYhchbAC= +FIV$LŁVŁF[Mn?$AYB DG;IL]L];  ACB¦AY\]=$ATUAC="
o>AªX-O;>o>L]\NgSV$ACB0zeAFHKMc\];>=AC= _:9 	TV;©¦hb;+?ŁFIhbhQSOJB !bAY?$ACh
	




































































TUAY=$o>AeBWFMc\];>=$FIL]AYB-zEACFIHpMW\N;>=$AC=J$=?^?$\NA³J$h RFV$LGAC\]=ACB<BWFMc\];>=$FIL]AY=³=pM  ;>BbMHQ%] _89`TV;
Q OJ$Bo>AYo>ACr¨AC=ACh'T ©0k>;>Bbo>AC=$;IX^XAC=@?$J$BbgSVU?$AY= DŁ;>LNL]; nAYBC
: c;:  Ck A k4mk4m \f sou\r>C fim7mk A k4mk4m \fﬀ?dmsou\h
_`=+?ACB «  AC\ 0¦rsAY=$AC=K¯xMW\NX^\NACBcJ=$oªrsAYBcAC\MWAM}AYh|;IQ M}¤¦Bc;>rL]ACXA

J ?$Aﬁ=Ł=\]ACBbAC= © nFI=$=





























































        











Fr$r$\]LN?$AYMC±qLNAC\]gSVACh}oI\]LNMﬂ?ŁF=$=FIJ$gSV QSOJ$B|?$AC=  ACBM?$AYB«\]AYLNQaJ$=HKMc\];>=
?$AYB ;IrsAYBcAC=¦r¨AC=$A©"\N= nAYL]gSV$AE?$\NA zEACFIHpMW\N;>=?$ACh DŁ;>L]LN; nAYBch AY\]=Q FIgSVAY\]=$o>AYhcAM

M ACBb?$AC=
H[FI=$= 0DjOJ$B r¨AChbMc\]XX}MWAE¤±FIBWFIXAYMcACB nAYBbMWAHF=$=Z?$\NAxT@AC=$o>A?$ACB BWFMc\];>=ŁFL]AC=DzeAFIHpMc\];>=$AY=
!bAC?;0gSV FIJh¢X^AYV$BxFILNhAY\]=$AYX ¦L]AYX^AY=KMrsAYhbMcACV$AY= © k>;>=6?AC=$AY= ?$AYB¢DŁ;>L]LN; nAYBjAY\]=6r¨ACL]\NA
r$\No>AChFJ$h |OFIVLNMx\]Aj³=QSOJ$VBcJ$=$oIh

AY\]gSV$AY=-\N= 9 «  ¯E³C; hc;IL]L]AY=ZQ OJ$BR?\]Aq0gSV e\NACBc\No>HIAY\NMcAC=
hbMcACV$AY= ©f?$\]A^FIJ$hﬂ?$\]AYhcAYB +FIV$LQaBcAC\NV$AC\M¢BcAYhcJ$LMW\NACBcAY=+HsO;>=$=AC= ±ijX =KJ$= ?$AC= m ACo>Bb\N?$AYB
 O;>hcJ=$o k>;>= 9®«  ¯E³ ;

J ?$A>=Ł=$\]AYBcAY= © r¨AYMWBcFIgSVpMWAM XZF=

 AC\nkIACBbhcgSV$\NAC?$AY=$A EACBcFI=$o>A 
V$AY=$h  AC\NhcAC=©s= OFX^LN\]gSV AC\N=$A¢;>Mc\]X\]hMW\]hbgSV$AxJ$=?-AC\N=$A¢¨AChchb\]X\]hMW\]hbgSV$AI
68ﬃﬀqsj"ﬂ j qsj 
ﬀn Wqf}~RqnCuEjon  
xACB °AFI?ACBﬂrsAYhbMW\NX^X|MqAC\]=A  O;>hbJ$=$o@Q OJ$Bq?$AC= DGFILNL ?$AYB
X^F[0\]X^FILKX O;Io>L]\NgSV$AC=}ij=pMWAYBchbMIOJM

J$=$oﬂ?$J$BbgSV?AC=DŁ;>L]LN;  ACBY[<B¦V;IsM FIL]hb;$©lQ OJ$B AC\N=
























'O 9`QSUTV;@* Q%] _89`TV;<(d0
9 ¯¢¤¦d ;
 n #fj"ﬂ j":qsj"#tn Eq}sqnCujln  
xAYB °ACFI?$ACB k>AYBchcJgSVKMe?AC=@0gSVŁF?$AC= ©0?$AC=Z?$ACB DŁ;>L]LN;  ACB













'O 9`QSUTV; * Q%]A_:9`TV;<(
9 ¤< ;
J$=pMcACBchbJ$gSVpM  ACBb?$AC= 




=$AYBc\]AYBbM  ACBb?$AC= ±¯xr n;IV$L¦XZF=6rsAYX^AYBcHIAY= HsO;>==KMcAI© ?ŁFIhbhq?$\]A;IMW\NX^\NhbMW\NhcgSV$A 9 ¨AChchb\]X\
hbMc\]hbgSV$A!;DG;IBcXJ$LN\]AYBcJ$=$o6kI;>= 9 «  ¯e³ ;-OF  "J\NkFIL]AY=pM






HKLFBjV$AYBWFIJhco>AYhbMWAYL]LM nAYBc?$AY= © ?ŁFhchx?$\NAChbA_`=pMWACBb$BcA 





eJ$=$o>AY= ©$X\NM \]Bbo>AC=?$AC\N=$ACB ?$AC= ;>r\]o>AY=jAYBWFI=o>ACV$AY=$h  AC\NhcAY=UAY=KMchc$BbACgSV$AY=$?$AY=
"McBWFMcACo>\NAC=

JVŁFI=?$ACLN= n¦h^HF=$=hc;IX^\M^?ACB DGFILNLAC\N=KMcBcAMWAC=© ?ŁFhchZhbACLNr$hbMZrsAY\jAY\]=$AYB




V$AYBWFIJ$hbhbMcACL]LM±³=ŁFILN;>o6H[FI=$=AC\N=$A ;>0MW\]X\]hMW\NhcgSV$A FILMWJ$=$o6J=KkI;>BbMcAC\NL]VŁFQ McA ³=pM  ;>BbMcAC=

















 L]AC?\]o>LN\]gSVZ?\]Ax?$JBcgSVª?$AC= °AF?$ACBo>AMWBb;IAY=$Aq¦\]=$hbgSV OFM

J$=$o?$AYB Q
QaACHpMc\Nk"\NMPOFM AY\]=$AYhjOJ$r¨ACB ?$\]A FV$L0J=$?mnACBbAC\MWhbMcACLNL]J$=$oE?$AYh¦¤ FIBcFIXAYMWAYBch1T V\]=ŁFIJh±k>;IBcVŁFI="
?$AY=$AC=U¦\]=NMŁJhchcAYhEFIJQf?$\]Aj³=pM  ;>BbME?$AYheDG;IL]L];  ACBbhRFIJ$hYŁx\]AYhcA¢¦\N= e\NBcHKJ$=$oH[FI=$= ;"?$AYB
hc;IL]Lp;IQ M±=$\]gSVpM±\]=|?ŁFIhfXZFMcV$ACX^FMc\]hcgSVAnT@;0?$AYL]L"FIJQaoIAC=$;>XXAC= nAYBc?$AY= >x\NA m ACJ$BMWAC\NL]J$=o





J ?$AY= ¤¦Bc;>r$LNACXAC= 9®¯¢¤<d ;<r

q59®¤< $; nAYBc?$AY=@;IMW\NX^\NhbMW\ 

















































































































OP9RQ; Q W %ŁX\]=
Z &
T ] 9PO| SC ;



















































































































































































 AC=$=U\]X Qa;>LNo>AC=?$AC=@\]X 	\N?$ACBbhc$BbJ$gSV

J-?$AYBEAYrsAY= o>AYo>ACr¨AC=$AY= xA>=Ł=$\NMc\];>= kI;>=-AY\]=$AYB








;>hbJ$=$ok>;>=9 «  ¯e³ ;n\]X ;>r$\No>AC=U0\N=$=$AI©ŁJ=$?

	
Q-\]hbMeAY\]=$AKzeAFL]\]hcFMW\N;>= ?$AYB(!bA  AC\]LNh

J$o>BbJ$=$?$AYL]\NACo>AY=$?$AC=-"McBWFMcACo>\NAI
T-FI=ﬃhc\NACVpM-?ACB  O;IhcJ$=$o hc;IQa;IBbMUFI= © ACL]gSVA+³BM-?ACBU¢FIBchMWACLNL]J$=o 9aX^\Mªr

qe;>V=$A
³=opFIr¨A AC\]=ACB0zeAFILN\]hWF[MW\];I= ;qoIA |OFIV$LM eJ$Bb?$AI<¦\]=XZFIL rsAYhbMcACVpMhc\]A =°OFIX^LN\]gSV =KJ$BFIJh









        
P
 


















































































































































S T ] 9PO x.S Ox ; 9  S ﬀ;








S T ] 9PO x.S Ox ; 9  S ﬀ;










































































































































S T ] 9PO x.S O|!; 9  S ﬀ;
S T ] 9PO| S-;>S
ﬁ
9RTV;  























































































































































































































































































































































































































































































           



























































































































































































































































    





























































































































































































































































































































































































































































































































































































































































































































































AC\NoIM©s?ŁFIhbh¢?$\]A  O;>hbrŁFIBbHIAC\M¢k>;>= 9®«  ¯e³ ;j\NX FL]L]oIACXAC\]=AC=@=$\]gSVpMqopF[
BWF=KMc\]AYBbM  ACBb?$AC=@H[FI=$=  	\]AjXZFI=ZL]AC\NgSVpMRhc\NACVpM©\]hbM Q OJ$Bn?\]A¢ 0\]hMWAC=

AC\]=ACB  O;>hbJ$=$o?$AYB







kI;>=  O;IhcJ$=$oIAC=?$ACB¦³jJQaopFIr¨A 9 «  ¯E³C;	eJ$Bc?$AY=QSOJB
?$AY= ;>MW\NX^\NhbMc\]hcgSVAC= DGFILNL<kI;>= -7&/(137J$=$? I -'8 99 ; ;|J$=$? \NX ¨AChbhc\NX^\NhbMW\NhcgSV$AY=
DGFIL]L¨k>;>=	BK.0.=)1 +0+*, ©
 ,ﬁ8 '&-'1 8(%+J$=$? I ,ﬁ1 7n,H99 >² ;`;FI=$oIACo>AYrsAY= 
«J$X ³jr$hcgSVL]J$hbh}?$\NAChcAYhiE=KMcACBcFIr$hcgSV=$\NMbMWh@OJrsAYBﬂ?\]Ao>AC=KJM

McAC=  O;>hbJ$=$o>hbrsAYo>Bc\A e\]Bb?
=$;"gSVªo>A

AC\]oM©?$FIhch?$\NAq«  AC\ "<r¨AC=AC=""³jJQaopFIr¨AxQ OJ$B?$\NAx;>Mc\]X\]hMW\]hbgSV$A EACBcFI=$o>AYV$AC=$h§










«\]AYLNQaJ$=HKMc\];>= ?ACBE;>rsAYBcAY= ¦rsAY=$AI 	\]BeHsO;>=$=AC=6FI=VŁFI=$?U?$ACBEhc\NgSV FI=$hbgSV$L]\NA >AY=$?$AY= mnA 





;sQSOJ$B o>A e\]hbhcAT ] ?;>X _
=KJ$BEFIL]h_`=.=ŁXJ$XA 0\]hbMc\]AYBbM



































































9RQSUTV; ] oIBc$V _

































































































































¦h|hbAC\<=KJ$= 	T  O;IhcJ$=$oU?$ACBq³jJQaopFIr¨A 9 ¯¢¤¦d ;¢J$=$? AChﬂA0\]hMW\]AYBcAAC\N=
	






9 	TV;$¢FI=$=ªo>\]LMRQ OJ$BeFILNL]A89`Q 	#SUT





























mnAY?$ACJMcJ$=$o r¨AC\R?$AYB mnAMWBWFgSVKMcJ$=$o.?$ACB}J$Bchb$BOJ$=o>L]\NgSV k>;>Bbo>AChMWACLNLNMcAC= ³J0QaopFIr¨A 9 ¯¢¤¦d ;




TV;xkI;>= 9 «  ¯E³ ;x?$AYB|¤±FIBWFl
XAYMWAYB 	TjFIJ$gSV 9 ¯¢¤¦d ;L O;>hbM¢J=$?.FIJ">AYBc?$AYX nAYo>AC=
 




Q ] _89 	TV;
FIJ$gSV
5








;>=$=AC= e\NBFIJQx?\]AChbA+AY\]hcA@=$\NgSVKM^FIJhchcgSVL]\]A >AC=© ?$FIhchACh=$;"gSV  AC\MWACBbA
T







TV; o>\NLNMC>x\]AYhcAehc\N=$? FrsAYB =KJ$B ?ŁFI== O;>hcJ=$o
\]X hMWBbAC=$o>AY=0\]==$AU?ACh ¤¦Bc;Ir$L]AYX^h 9 ¯¢¤¦d ;©nAY=$=AC\N= Q 	0] _89RT
	 ; X^\M^?ACB ¦\No>AC=0




	 ; A0\]hMW\NACBbM<J=$?Z?ŁFX^\M 9RQ 	#SUT
	 ;<FJ$gSVA9®«  ¯e³ ; L`O;>hMKD \N=$?$AYM




 ACBc?AC=  l©ŁACheX^FI=$o>AYLNM?$FI=$= !bAC?$;"gSV-F=UAY\]=$AYB zEACFIL]\NhWFMc\];>= ?\]AChbACB  O;>hcJ=$o$




















        
P
























































































































f u\fYjfipqpqf ?dj`s\mBm7f Ysou\hdfiu
«\]AYL?$ACB³jBcr¨AC\NMhb;>L]LAYh^=$\NgSVpMZhbAC\]=© oIBcJ$=$?hPOFM

L]\NgSV FL]L]A ³jBbMcAC= kI;>=iE=$L`O;IhcrŁFIBbHIAY\NMWAY=
?$AYBﬂ« nAY\ 0¦r¨AC=$AY=""³J0QaopFIr¨A













o>AY=ŁFI=$=pM nAYBc?$AY= ©¨?$\]A¢=$\NgSVpMjr¨AYMcBWFIgSVpMcAYM nAYBc?$AY= £
>E¦ho>\NrM  ACBMWA
	








TV; =$\]gSVpMeA \NhbMc\]ACBbAC= ©









































9RTV;|V$FIrsAY= =KJ$BAC=?$L]\NgSV$A BcAYACLNL]A « FV$L]AY= FIL]h












X-O;>o>L]\NgSV ±¢F ?$FQ OJ$B !bAC?;0gSV!AC\N=$A o>A e\NhchbA@_`=pMcACBcBcAYMWFMW\N;>=!?$ACB AY\]o>AY=KMcL]\NgSV$AC=³J0QaopFIr¨A
k>;I=$= O;IMcAC=5\NhbM©e?$\NA J=KMcACB r¨AChMW\NX^X}McAC=ﬃmnAC?\]=$o>J=$o>AC=2?$ACX °AFI?ACB-Ak>AY=KMcJ$ACLNL}=$\NgSVpM
X-O;>o>L]\NgSV+\NhbM©±hc;>LNLnhb OFMWAYB FIJQE?$\NA mnAMWBWFgSVKMcJ$=$o.?$\]AYhcAYBDOFIL]LNA^=\]gSVpM  AC\NMcACB AY\]=$o>AYopFI=0
o>AY=  ACBb?$AC= 

J.>£ FM¢X^FI=6AYh¢rsAY\ ?$AYB¢;>MW\NX^\NhbMc\]hcgSVAC=EACBWF=$o>ACVAC=$h nAY\]hcAX\NMxAY\]=$AYX ¤±FIBWFIXA
McACB  ACBM
	















TV; £  O 2e0;IQa;IBbM \NhbM ?$FI=$=	FIJ$gSV O
































 2±0;>rŁFILN? ?$FI=$= AY\]=	T8]?;>X _










































































































































































































McACBcoIBcJ$=$?©¨?ACBErsAY\]hc\]ACLNVŁFQ MQSOJ$BE?$\NAﬂ¨AChbhc\NX^\NhbMW\NhcgSV$A|"McBWFMcACo>\NAqACBcL OFIJMcACBbM  ACBb?$AC=
hb;>L]L®
xAYB °AFI?$AYB H[FI=$= © e\]A  AC\MWAYB¦;>rsAY= rsAYBcAY\NMWh FIJ$hcoIAYQ OJ$V$BM©= OFIXL]\]gSV};>V$=$AYV$\]= =$\NgSVpM
















































































        
0











9`TV; * T ] ?$;>X _@(K
ijX FILNL]A¢?$\NAChbA 0gSV e\]AYBc\No>HIAY\NMWAY=





_`=U?$AYBe³JQaopFrsA:9®«  ¯e³ ;Ro>AYLNMWA£
>ex\NAZDŁJ$=HKMc\];>= O £ W
 
X\NM & (  ^ hbAC\nAY=$\]oIhbMWAY=$h FIJ0Q?$ACX
³jr$hcgSVL]J$hbh?$AYh¢BWF$V$AC=ªk>;I=%_?Aﬁ=Ł=$\NACBMjJ=$?U?;>BbMehMWAYMc\]o$

































T ] ?;>X _










 AC\MWAE³=$=ŁFV$X^AE?$\NA  O;>hbrŁFIB§











 ;>V$L]?Aﬁ=Ł=$\NACBM°"\]Ahb\]gSV$AYBbMqFIJ >ACBb?$ACX ?$\]A} 0\NhbMWAY=





























_`X DGFIL]LNAR?$AYB ;>0MW\]X\]hMW\NhcgSV$AY=^;"?$ACB<¨AChbhc\]X\]hMW\NhcgSV$AY= O;>hcr$FIBcHAC\NM ?$AYB o>AYo>ACr¨AC=AC= «  AC\ 
¦rsAY=$AC=K"³JQao>FIrsAE\]hM FIL]hb;qo>A |OFIVBcL]AY\]hMWAYMC©>?ŁFIhbh AYh<hbMWAMWh AC\N=$Ae?$ACB<o>A |OFIV$LNMcAC=Z"MWBcFMWAYo>\]A
AC=pMchc$BbACgSV$AY=$?$AzeAFILN\]hcFMW\N;>= o>\NrM
xACBE?$Bb\NMcMcAﬂ¤<J=$HpMx\]=@?$AYB³==ŁFIV$XA 9a³}-;\]hMEACr¨AC=Q FILNL]he\]=ª:<ACBbr$\]=?$J$=$o^X^\Mj?ACB"MWA 
MW\No>HIAY\NM^k>;>= O OJ$r¨ACB gYL 9 oIBc$V'_<;























'OP9RQSVTV; *59`QSUTV; ]6gCL 9 oIBc$V'_<;<(





































?$;>X _)?$ACBjrsAMWBWFgSVKMcAYMcAC= ¤¦J$=$HpM0TUAC=$oIA "³jr$r$\]LN?$J$=$o x\]A|mnAYhcgSV$BOFI=$HpMWV$AY\NM¢?AChq¢BWF[
$V$AY=k>;>= _ \NhbM^\]= ?$AC=XAC\NhbMWAY= O;>H;>=$;>X\]hbgSV \]=pMcACBcAYhchcFI=pMWAC=DŁBWFo>AChMWACLNL]J$=o>AC= AC\]=A
hc\N=$=pk>;>LNL]A¢J$=?U;IQ MkI;>=ªk>;>Bb=$V$ACBbAC\N=-ACBQ OJ$L]LMWAbzeAChMWBb\]HpMW\N;>= 







&ﬀ?$;>X _ o>ACo>AY= AY\]= T438]?$;>X _ hc\NgSV$ACBb= f¢F










\NACBMnFrsAYBno>AYX^AY\]=$hcFIX X^\M ?ACBRFJ$hR?$AYBRmnAYhcgSV$B OFI=$HpMWV$AY\NMkI;>= o>Bb$V'_ 9ahc\NACV$A x ;<BcA 




?$;>X _\]hbM}hc;>X\NMﬂJ$=pMcACB ?$AYB}?$Bb\NMcMcAC= m AC?$\N=$o>J$=$o OF KJ$\NkFILNAC=pM

J$B}³jr$o>AChbgSV$L];IhchcAY=$V$AY\NM
?$\NAChcAYBETUAC=o>AI 	\NB n;IL]L]AY= ?$AChbVŁFILNr@r¨ACBbAC\MWheFI=ª?$\NAChcAYBE"MWAYL]LNAx?$\]A¢\NX«JhWFIXX^AY=$VŁFI=o




: c  fiu\hdf u  \f!?jf kqm  \f

?mBn -j fik m7h -j`u kqfiu
	
ﬀ
























































































































































































































) º Qii('*),+-+Hµ&¢¢ﬀQ/. ªµ&DRi10'iﬃm





















































































































































































































































































































CX\=<6  6 C °
ÃÅÄ
BXX  6  ŁYW	=8=6Ł;f ŁZ CŁ^]   K











Ł  6ŁZ.B &===CŁ9ﬀﬂﬁ ŁZ84  ﬁ=86Ł6  rŁ  6c6 ° CC CŁZﬃ6Af&r68K
4CŁ  6  4C<Ł= Ł  6Ł9M6   ?@4CŁZaŁ^]   6  6ﬃ=ﬁ ŁZŁ  ?@4=   Łﬂﬃ6Af&r694XŁ  6	666fﬃ4 ° -  76kB
CŁ4X(Ł*   Ł  CŁ!ﬁ Ł   Ł"ﬁ  6Ł#   6Ł  -ﬁﬀ ﬂ £ ﬀ
#ﬃ! 
ﬀ#" ¦F$





|{Ł$6ŁZ CŁ9ﬃ If7rM64CŁ  6   Ł=Ł9XTŁZ%6Ł ŁZ694§C  6 £ ﬀ
ﬃ! 
ﬀ#" ¦
Ł  XŁ+r66Ł96Ł963Ł,PŁ & K
-  Ł&B   Ł'6Ł$6ŁZŁ   £Àq¤
[





ﬂC*ﬁ Ł=  6
L




Ł  CŁ9 j
C %-C=8fCCr6 À   6  À ¤¡°  £À

B{S 4.S	- À ﬂ £À

¤ 68f4 ° S




 À SeW =ﬁﬀ\  À XC £ ﬀ\ £À -  &6   ]ŁrK
636<X %%   ŁqW ==6Łg-ﬁﬀﬂ £ ﬀ

 - À ﬂ £À

SŁ=84  ﬁ\476Ta<ŁZCŁ/ﬁ Ł l Ł"ﬁ  6Ł
#   6Ł  ﬁﬀﬂ £ ﬀ
ﬃ  
ﬀ#" ¦F$
68f4 ° Ł  CŁZ¶jtC0-C=8fCCr6  1f4 ° B2  =<  =86C63Ł9
CŁZ6Ł$6Ł"ﬁ ŁZCŁ9U]6=8=Ł6
L











































































































































































































































































































































































































 JSŁ  S`R  Ł9RŁ   Ł9Ł & Ł"S



















   RPc
f  Sﬁﬀ/ aR  Ł$S5T9/ŁZ b  Ł9 \ b
Q
<ŁZ*S  Ł  Ł  6Ł9SW
Q
 R Ł  CŁ"S  X]C  RŁZg| W
Q
S`R3C!S









°   R l =ﬀ#&
 











JS!MC16Ł"T9Ł  R/[Ł9CŁ9 \TSSCR3ŁZFCŁZ#"6SS<Ł$RTZCbŁ  CŁ$SF  W
Q
R  ŁZŁZ<ŁZ CC  




ŁZ+66 ° XCFXŁZ'&RŁ$R  (!Ł  R56 ^<SqCŁ9)`
b  R U
Q
Ł  R=CŁ9LŁZ  6X 5





-  RPc1DS & R S<E   Ł#2 3!Ł
Q
























































































































































































































































































































































SR3ŁZR  c#      W
Q
Ł  S`R  Ł9RTS Ł"S%W
Q
U




S-6RFS     C CŁ9   Y!Ł9






° Ł  	     X 
XC  Ł# SRTZ-6   Ł9C%xQ.0d+f


 S`R [Ł$6ŁZH,ŁZ* 
W
c  LŁZ  ﬁ%R"c












ŁZCCŁ9cŁ"   SR  6]\ S  & R=CRŁZ*CŁZ  
W
cD0,6ŁZC(*ŁZCŁ9
.A%SRT6SSŁZRTZX  E T9C>fﬁSW
Q






































° XŁZŁ9= 6<  «-qﬂ £








 ES  R    S`RP\ & RP5

  R  4
Ã












































































































































































































































































































A S`R Ł$S  b   W
Q
\ Ł  XŁ
Q
 CŁ  W
Q
Ł9CCŁ Ł9  CB bC  Ł    SR3Ł9TG Ł"SS   VU
SR  SW
Q









 	we¼ ® ­ﬃµ¾Q Q{Q)¬@­i¢ﬀ@Q9Q
i








Q)QAµ¾mi@¬@­i¢ﬀ@Q}.ªi	µ&¢¢ﬀ [£ ¤ X6 ° ³
































  RR3Ł9 c .AC2bW
Q
SRd[  !6Ł$TZŁ  RP\
SS A)B-  [£

 bC5  Ł [£	¤ C6 ° Ł9R [Ł9CŁZ CXŁZC l W
Q
 SR}VCŁ9   S _   C -CC
  W
Q




bﬁ@Ł9   Ł ¤}°  [£










  ﬁ%SR3ŁZR  (!Ł  RL  Ł"SŁ9*Ł$[}ŁZ`R3CS-CY!R  6  \ C
SW
Q
  ŁZB l W
Q
  C  RR3Ł9*AŁ    ŁG+  S`R3Ł9TŁ  CŁZ Ł"SS    SR  SW
Q









































































































































































































































































































































































































































































































































 A'B  £ ﬀ














     0
ﬀ#&
 

















     %
ﬀ#&
 




[    Ł Ł"W
Q
RŁ&VŁ  RŁ 6CŁZ  /f>ﬁ
Q
b  (!Ł  R 6
[





b     S`RPc FŁ9?T9%-  Ł   R  Ł$SŁ2  Ł  W
Q




















6Ł$6ŁZ A)B-  [£

! ŁZ  Ł9Ł
ﬁT$[/c   #Y & Ł A'B'  [£

Ã













     %
ﬀ#&
 






















































































































































































































































































































































































































































































































































Ł     CŁZSC<W
Q









A'B'  £ ﬀ

Ã
^ B' `g K

SŁ   cVFﬂ %,6<CC	66
[









XŁZ  ŁZRCŁ9+#ﬁXY!R  ﬀ^ Ł  XŁ-[
Q















CŁZdﬁ ŁZŁ  RS 6Ł$TZŁ  RŁZ f SS6Ł>^ B

 : XCd g K

  ŁS. 
Q
 ^ B' X}Ł9C   W
Q




ŁZX   W
Q
XC[}Ł"ŁZ gc Ł  S`R  Ł9RŁ  
[




















 ¤H°  [£

 SR  ŁŁZRSCŁ$W
Q


























































































































































































































































































































































CŁ$S,ŁP CŁZSF "\SSFXŁZ #    [}ŁZ- bXŁ  =!6 U
! ŁZR 666Ł"Ł"ﬁ ŁZCŁ$S [£H¤ ¥   R(Ł  XŁZ
[
 ¤ "  [£

Ł"  ŁZŁ9 _bE6Łcdf	  E1TZ CŁ9
[}Ł  RŁZ Eﬁ@Ł9Xﬁ@Ł$SW
Q
  Ł$ﬁ@Ł9CŁZXA RSW
Q
Ł\NSSŁ  CŁ (0R    S`R  SW
Q
Ł CŁZS@Ł$SS    SR  SW
Q
Ł




CŁ9*,ŁPXŁZXŁZ*#  &  [Ł9  ?S<Ł  CŁZcŁ U
%!R  6   W
Q
R-ﬁ ŁZŁ  

SSR"\  S`R    Ł$SŁ9ﬂ# 6   Ł9C%![}Ł"S<ŁZR l W
Q
\NSS  ŁBf R [6`R
CŁ$S#ﬁ   [}ŁZS W
Q
[  Ł 66  C CXW
Q
  Łﬂ3  ﬀf ° Ł  6Ł$SW
Q
PbY!R[  ]c   ŁZ  SR Ł$S




ŁZ \SS   Łﬁ Ł  CŁZ  ŁZRTZR3ŁZ .AŁ  Ł9  E5cS.0d+f

!Ł  CŁ$S





SS`RCC  %  Ł$SŁ {Ł  SŁ(  Ł = Ł U
ﬁ ŁZaﬁ@Ł9  %6C6Ł9 CŁ9}Eﬁ ŁZ<ŁZDﬁ ŁZXŁ  *  ŁXaRŁZ<Ł 6Ł9SW
Q
Eﬁ ŁZ;[}ŁZXŁZ*!(b6CCŁ9 c F  Ł"S




S$cXŁ  S  Ł  Ł  bC  Łﬁ"Ł9 bCXŁZX CŁ$S
,dbESﬁ! Ł  RS ŁZ
Q




X 6*cŁ$SR  !R  6CŁ9
 CŁ9Ta<Ł$[}Ł  SCCŁ9Ł9Jﬁ@Ł9CŁ] CCŁ9_S  W
Q
 c 0c   W 0g9Y c
f  S  R  R  6;T9C   %
b
Q
<CLCŁ9  ¶5cS.0 f

T9 ŁZ[}ŁZXCŁZCXŁZ %R      R
bRS U
ﬁ Ł"6  @ŁŁ  6CŁZ S  W
Q
b
2ﬁ ŁZ  Ł"C6Ł9 \][  ŁBS  Ł#O	

















































































































Ł9CŁZCŁ   ŁZ6Ł9 6
































































Ł = Ł"ﬁ ŁZaﬁ ŁZ






















































































































































































































































RŁ  CŁCŁ9 f	%,Eﬁ@Ł9*ﬁ@Ł  CŁ9 ,dbESC% 66ﬁﬀ5cS.0d+fﬃﬂ
   \   ŁCŁZY!aﬁ ŁZ;%R    l R bRSﬁ@Ł$6  AŁ
Q
 S  W
Q










 b6ŁXTZXŁ"S`R  *C% [Ł9  ES`R3Ł9SŁ    6Ł9ﬃ  Ł9(Ł9aRŁbCŁZ   ŁZ6Ł9 ¥ 
CBD /B'
  Ł"6Ł9 6"\PCC9TZ[   bC ¥ 
CBD
66 #O	
 MqpK! TSTO	  {XŁZBﬁ ŁZ<Ł  RS Ł9['b
Q
aRŁZ
f	ﬁ@Ł  R{Whg K!Y \S [  Ł  bC ¥ 
B
Ł  CŁ cŁ 
Q













' (*)+-,/.0)+21436567 .98;:=< >?A@B?CD8)E+21 FHG@I83652JB1	5
^1  C?-  6Ł9CCŁZefﬁSW
Q
  RRd[  <(Ł$S}C 6Ł
Q
Ł9 \   Ł ,dbES<CESﬁ@Ł$6  AŁ+S6Ł
Q
ŁZC
6CŁ9 SRT"%,ﬁ ŁZKﬀ ﬂ3JALﬂXCﬀ
3VV&Y&Mﬂ+S [}Ł  R>T9 6Ł9 & 6Ł9(Ł  CŁ9 \XSS  Ł
ŁZRSC<Ł"W
Q





Ł  SR  ŁZ<ŁZﬀ  S   Ł#,dbESC%6ŁZ 66Kﬀ ﬂ3JALﬂ CCNﬀ 3 V&Y&OﬂZc






























































































































































































































































































































































































½°  {qtyµ&¬@­ "
Ã
° ³







ŁZC|  Ł$SŁZB# Ł"SR  Ł$6C ﬁ Ł"S`R3Ł
Q










l Ł9B6C*  Ł$SŁ9   ŁZ6Ł   %L% 




°   S3  ﬀf °
c




ﬁ XC C  SRCŁZ/f>ﬁ U
SW
Q




f>ﬁﬁ & CX S`R3Ł$RSŁ  XCŁZ%R  eﬁ Ł"SR  *BRPc
^ SR TZC Ł  S  Ł   bC £s¤  CCW
Q
° ﬀ £ ﬂ
Ã







Ł  CŁﬀ3  ﬀf













c S ^1CCŁZ<ŁFXŁZ   
Q
Ł  RS! 6Ł 
  
?



















c Fﬂ  R  S`R °
ﬀ £ ﬂ
Ã




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 S  Ł9ŁZX % CŁ9 Ł$6   XŁ"S;fﬁSW
Q









f	0,ﬁ Ł CŁ^]   Ł9R[Ł9CŁ9 c  _ ŁZ!  b`R	TZ_ bC  Ł
f	0,ﬁ Ł ﬀ/.0d+fﬃﬂ  Ł -  6ŁZCXŁZe# CY!R  6CŁ9 \  Ł ﬁ Ł  =  W
Q































































   W
Q








CŁ9%C6`R  6ŁZ*C  RRŁZ;3 C1!aR5S  C   Ł   Ł"S<Ł. 
Q
 Ł9(CRŁZ	ﬀ,fBg 
aﬂIŁZC   W
Q
\S< [  ŁW
Q
































wÁ¼	® {q{q¾tqtzN{z -q o+¾tq
²















































































































































































wÁ¼	®&³ 6-Zqtsﬀq oﬁZs& xµz'µ$Z/UeﬂN{ {qtzﬃ5µ$Z[Z qts&z}qt 0q o-&
ots
w


























































































































Ł9![}ŁZ<CŁZ!S  \M[Ł9C ^ CBD ﬁT$[/c ^ B Ł9C l W
Q











   Ł  W
Q




Ł9 %%R    SR  SW
Q









Ł(%R    SR  SW
Q
Łﬃﬀ @Ł$SS    SR  SW
Q
ŁrﬂPcŁ"   SR  6
Ł  SR  ŁZ`RPc
f	XB6ŁZ<CŁZ  SR AŁ9S  W
Q
R   W
Q
\NSS CR3ŁZXŁZ Ł9  Cﬁﬀ
f'g 
 ﬂ	Ł   [
_`













ŁL(0R    S`R  SW
Q
Ł7,dbESX 6 ﬀ/.0d+fﬃﬂ
 S`RPc F  Ł/  E6Ł-f SS6Ł/













































































































































^1\CŁ9BA R  R  Ł"S<Ł f	%SS6Ł*ﬁ ŁZFX'
bC%[
_D`




























































Ł {Ł9RŁ XŁZe# CY!R

























































































































































































































































































N{z *UYZ $Z sﬀ ^ B
Ã



















































 soty+µ$ZaoVU qts&z}q o3µq0q o ots
w
sotylsoq



















^1 ﬀ Ł$6ŁZ%SRT'T9 CŁZ_SR3<ŁZŁZ ,dbES<C6Ł9 CŁZ-%R    ŁZXES %,ﬁ ŁZﬁﬀ ﬂ3JALﬂ CC




Ł ,dbESX6ŁZXaRŁZ [Ł  RB[}ŁZ  6Ł9 Ł  SW
Q
CŁ  CŁZCXŁZ`"6 U
SSŁZRTZX6ŁZ]\C[  Ł   Ł -  6ŁZCXŁZ f SS6ŁZOTZŁ  6Ł9 [Ł9CŁ9 c FﬂT99ﬁ@ŁZR3W
Q
R3ŁZ [  









































orqts;zsﬀ{y Zq qt N{z g¾tq o{ µzRQy;N{z 
^




















































































































































































































































































 U CŁ^]   ŁZRŁ <ŁZŁ & Ł. 
Q







[  Ł"S<ŁZ c
  eﬁ@ŁZR3W
Q
RŁZ a<ŁZRT$R(Ł  CŁﬀ#ﬁ  6Ł   ﬀ
ﬃ! 
ﬀ#"ﬁﬀ




 CC   ﬀ`	   bX


































































f S\CŁ9-F<Ł  Ł$WX!aSC  Ł  W
Q


















ﬀﬂ; bX 4 u : 6Ł$6ŁZ ^ CBD c f SCŁZﬃ63%!R
Q
Ł  RXŁZ  ŁZ%6Ł 6
Q &
Ł9  ﬁ%RS  W
Q




  S APŁ & *ŁZŁ  Ł$SŁ"S ﬀ%
Q







































































































































































































































































































































































































































iﬂ CF  Łﬀ  Ł  W
Q%Q
Ł  RST9Ł  W
Q
ŁZ16Ł  R3ŁZ CC{  Ł   &0RT!ﬁ@Ł
Q
Y0R3Ł$RŁ
+  S`R3Ł9TFXŁZ6Ł$-CŁ9R3Ł9_#   6Ł  SR6Ł$TZŁ  RPc
=Cﬁ  Ł  ﬁ%RTX0W
Q




Ł9 Ł"SS    S`R  SW
Q
Ł9$,dbESC%-TZT9Ł  6ŁZ c




XŁ  6ŁZR ]c
.A CŁZ [  Ł*Eﬁ ŁZ 6ŁZ['b
Q
 R3ŁZ   U #   Ł] CCŁ9 [    R'  E6ŁZŁ$6bXCCCŁ  XŁ















































  ŁZCŁ9C -  R  Ł ﬃ  ŁZ6ŁZT 69^ﬀ-ﬁﬀ ﬂ

ﬀDﬂ/6Ł"6Ł9 ^ B-  bC4 u : c f W
Q
Q


































































































































































q $Z so y s Uz
[











soty soq l0q o ots
w


































































































































































































































































































































Ł9  Ł"SS    S`R  SW
Q
Ł9





Ł  CŁCŁ9`R  6Ł#,
bESC%c2H




Ł,dbESX6ŁZOﬁ Ł  XŁZf R=CRŁZ=CŁ9yŁ9  %6C6Ł9
CŁ$S&%MRTZŁ$S	0c _Ł  SR  ŁZ<ŁZXCSS+ﬁ@Ł    b & RS<Ł   66Kﬀ
fBgrﬂ Ł-6Ł9aRCŁ & 66
Q
CCŁ9CŁ
SRŁ96ŁL(%R    SR  SW
Q
ŁBﬁTZ[/c @Ł$SS    SR  SW
Q
ŁE,dbESC%6ŁZ 6nﬀQ.0 f	ﬂ  T  
Q
Ł  R  R

Q







cŁP l SMR  CŁZ;S  C]c
P   ^	 ﬁ
	  ^MTVU [ ]ﬁ_^   Y
 ^ Sﬃ Y
 Y






























































































































































































































































































































6 q{q¾tqtzorqts sq%w0Vy s
w
sqtN{z{o $N^R ¾tq #we¼	 N{z  q o orqts  $N^
f

















































































































&%MRT %c _  S`R2b   W
Q























Ł  SR  ŁZ`RP\D








^ CBD  & R Zc ^ S`R*TZXCŁZ   Łb}ŁZ  6C ﬀ
fBgrﬂ



























 CCŁZXŁZ (0R    S`R  SW
Q
Ł9 , bES<CXŁZ
 ŁZR APCBD ﬀ
_
ﬂLﬀ XŁZ;# C1!aR  6%S[}ŁZR  *CŁZEﬁ ŁZ<ŁZﬃJﬁ ŁZCŁ+
bC  Ł+
bCS`R  ESRŁ 6 #  VU
  [}ŁZeTZ Ł9[5RŁZCCŁcŁ"%!R  6 ﬂFCŁ9. 
Q

^ CBD ﬁ Ł l Ł"ﬁ  X6%R! C2b
Q
Ł9 cJf SLCŁZ
ŁZ[Ł  S!TZ &%RT0c _ 6Ł
Q




Ł  R 66 APCBD CX|   R  Ł
 C l W
Q




F  Łd  Ł  W
Q










\M[}Eﬁ Ł  ﬁ@Ł9T  Ł


















^ B ﬁ@Ł9Ł  RS   %RUFŁ9]   R  6%c`Ł  SR  ŁZ<ŁZS<  c  ŁZ'! C  C


























































































ŁZ , bSCŁZ CŁZ# 
U
















soty soqtz l0q o ots
w

























































































































































































































































& 43- 4 1ﬂ:&@4?=>&@A=@! $,?2$-/$) +!=@-/&
,7a1+546"ﬃ+@"$ﬁ Sc X),+ ﬁﬂ,ﬁﬃL0ﬃ,?c"7aﬁﬂ-/L<















 =>%c+@ﬁﬂ"4?,P&5-/&@1; -M-/L<,+ZA! P&-/"7 )8:<ﬃ=5=@4?A= &5=5! %bP&@+!- &5,ﬁﬂ;9"L<,+@&@+!-/ﬁﬂ,*hiﬃ+5)ﬃ*)




  R @ŁZaﬁﬂS`R3ŁZRS A
CBD
  APCBD CC A
B



















S<Ł  Ł  CŁ SŁg3%R3R  SW
Q










Ł %%R    SR  SW
Q
Ł
,dbESC% 66 ﬀ/.0d+fﬃﬂZc> @ŁZaﬁ  ŁZ` b  RKﬀQ.0d+f	ﬂ/  RNﬀ
f'gcﬂ  Ł  W
Q






ŁZŁ }ŁZ  6C ﬀ
f'g 
aﬂLCX<Sﬃ&%RT%c`_bŁZ  ﬁ%R!S  W
Q
  ŁH+  S`R3Ł9T








\  Ł* bC(4 u : 6Ł"ŁZ [
_


























c    R
Q













#>bC   Ł Ł"SS    S`R  SW
Q
Ł#&aR3MR3Ł"  Ł  SR   Ł+  S`R3Ł9T CŁZ ﬁ ŁZIbR  R3Ł9@#ﬁ  6Ł ﬀ Ł$6ŁZ U








&VŁ   C [
_
Ł  CŁSŁg3%R3R  SW
Q
Ł , bSC 6Hﬀ ﬂ3JALﬂZ\ ]c
Q



























































































































































































































































































































































































































































































































































f	%SS6ŁFXŁ"S &%RTZŁ"S %c`_% R  W
Q
RPc





 	ﬀ ,ﬂﬁm j
 N~ sq
u




















































soty soq'N{z 0q o ots
w










soty soqxUro5N{z{*s&z {qt	$Zqtsﬀqtz ?qtsorqIqt(QYZ   y Zsq sq U#0Vy s
w
sotyls &









s&y {qt 	 s {qtz &




























































































N o o {qtxq  {qt  
w
s&yq{z}qtzRS  o o {qt UYZ &
Z/U qtEoty qty o sq
g
 $Zao
zy  U y    ﬃZ yTSﬂ U $N~ {qt3?qt y {qt
u







































































































































































































































































































 ;	_}	  X = 
  
























































































R  ŁZ<ŁZ \qCW
Q




ŁZ%S[}Ł  S<Łﬃ!(b6CR3Ł(  Łef %,ﬁ Ł?ﬁ Ł   Ł"SS    S`R  SW
Q
Ł9
&RRŁ"  Ł bE   W
Q
ŁZ[}Ł  SŁﬂS`R ! 6Ł9b  SW
Q
Ł9 c
 	ﬀ ,ﬂﬁm j  
























































N{zy qt   $Z














oty qty s  soty
 otsqq 
 



















S  o $Zqtsﬀ $qts&yls   $N *qts&z}qo q 0q o ots
w
sotylsoq xUro5N{z{



















































































  .?+21	< .?CD8)E+21 ﬁ,/1	CﬁﬀN1	521ﬃ5ﬃﬂ >?CD< C1 3652J







































































)ﬃ cL$=5! "0=@=('ﬂ1*ﬁ+5: 
!
'ﬃ+5),"&5A! ,RI


















       





































































































































































































































































































































































































   
  
     
 
       








































    
   










    
       
 









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   








































































































































































































       
 





















































































































































































































































































































































































































































































































































































































































































































































































































































































    


































































































































































































































































































































































































































































    
       

      
   



























































































































































































































































































































































































































































































































































5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 565 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5




















































































































































































  ;_ }    X   
 
	
 RQ       EY 
 ﬃﬀ  	 ﬀ 

-5%R   &R bRS!&R  b
ﬀ
 ﬀ1 .I ﬂ ﬁ b
ﬂ
















































4353 6'7 j 7
897 ﬁ ﬁ 7: k 89;"<>=?=7A@CB












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 ﬀﬂﬁﬃ "!#%$'&(ﬃ)*+-,/. 102!#& 































































































































































































































































































































































































































































































































































































































b"Í^É>ÔZ}'3!Z;{576ŁiE|¤ﬁ}=3 -Í^Ë"ËÍ Î ÏÉÍ1ÍÏÉÌË'&×Ë'& 
	 wÍ Î
S×ÈÌÈÊÔ  Õ Ë"Ë b"Í^ÉÚÔdF Õ ×"Ñ7b





































;!gygX W;3P ";!8f3,g !N3 ;{X h9//
H
µ

















































































































































































kaFGÀQ m/Fà g/D5 /a@/ÀQ7o8G
¸	
 ª = »
H
N½












































¥ / g¡¢ 576 =3;!Q/cg /28;/576 !h576=3{; 9 /];!iŁ
C
]¡¢// b 9i//3
2p¦h9i2h6 gi'94QZ;{576Łi  gi{;B576/iŁi

=3{3%^DX i(_#¼ i/Łi /¡N3];]i2






;!/;¡¢]9i2h6  9]Q;{576?;<3 /3!/:]!i Ł 3;{576

Ł=3i_U· :6![: /Z576
/i{;<3!i ½¼©¾E¿{576g;!2]3r943 ;!/z,gŁ(Vg;B3;¡ ia'3!Z;{576Łi

=3AX¢






































































,/. $#  D# 8ﬃ) 8ﬃ &(ﬃ)J +-,). 0 !##&- 
¬:W2









² ;/]6¥dfb ,h;/[[/ !©¶ ¡W2q¥igL¸ ¹'º
i2 ¢ii9/!¡ggŁ/ggf32_g3 ;B3h_i¥ag¡ i(;BX//iW2 ;B3ig Va^X2 i
i








 /l/N32'¼ :W; 
























































































































= r i¡ i //ŁGg¬ 83!/ﬁﬀ ªﬃﬂ
Z 






32#ﬀ m ﬂ$!Ł/i<3 gZ;lŁ/>¤/=QB3jS/3fY&%'!
7
(%)! VaQ¦¡ i)%*!DŁ/ 
i
3fY@gB;B3!i/2o/1p ;!;L+ﬂ"!6Z;<3-_· 576=3/o;B3hV ;B; Ł/ ¦B9ii576i/];!




 N3r9 2h;!-,D/3 /3!/ 
:























































×_ËNUÔ oÏfb  




















































































































 /B3 g %9i];DŁ<Va/ŁZ9h;/ i6/ 
C
g¡ i/2
¡ h;{576Ł!/¡¢i DB3·eiZ;_9·>ii[>2N32_g3h;\¼ gggg)

g ]3!iB;






























































































































































N;D Ł/3r9 :¡ i6ﬃ^X/9if3D¬ 83!/Łi i{6 :g38g;gs<3-V ;B;D2¥/62!
i
576 '2i2i iV¶ ¡ /]; 57683!igi!/B3!i  !3!Z;B576i

=3!h;2
¥q¸ ¹'º i/Ł ;B3!]32	!iN9i/!¡]!e]/]g3!/_]i36;B3-V /gN3 Łi Ł;





ÓQÓCÍ^ÉF Í^ÉÌËË"ÉÑ7bÔÏÍ*&Í^ËTÍ Î ÉÍ Î ÔsÍ Î U Î ÉÌÔ½ÉﬃÓCÑ7b"Í ÎT ×_ËNUÔÒË1@£












ÓCÍ^ÉÍ^Ë Õ ×  Í^ÉÌËTÍ Î Ò1Í^ËTÍ^Ë
 + &Í  ×_Ë'&ÏÍIÓ T ×_ËNUÔsÍIÓF#G

À4	'( Õ Ñ7bÓ^ÔsÍ^ÔÁÉ &Ë Õ Ñ7bJFGÀQÏÉ 1Í Î Í^Ë'.ÉÍ ÎIÕÎ 

`
b i Õ Ë"Ë
&ÉÌÈÊÔ
ﬀ' }Í Î T ×ËNUÔF%G

ÀQÉﬃÓ^ÔaÓ^Ô Î Í^Ë'&2Ó^Ô Õ ÉÌÈZÉ +
/
ÉÌË"ËTÍÒË. -µ







À+×ËÏ % ÒË¯FlÓCÒ,-\ÉÍ2Í^ÉÌËTÍ-Í^ÉÌËÏÍ^×ÔÁÉ &

Í (












































































g gisg/Ła¡¢];!3{9i(_ ¥aŁ/ ¡ iﬁgigŁ83!
¬=32 F/ÌÀQ4V22<iQ¶8gi¡ŁZ576=3!ii/B3a/_,g2i ¥/Łﬃ88g*3 g576
g; 9¼ﬂ:W;W;	s=32"!<¡ h9iZ576Ł]3|Q2!(V/F]]gŁ i2i ¢if¶ i¡Łg
F ;B3!]32Y	!iN9i/!¡] Z;<3-VZ;<3];<3l¡¢];!ŁiB;li/@576(V¦gŁ ;B3!i2Z;B3!i D¡;B3!/
i




































































































/ÀQ+É + T ×ËNUÔ

































































































































































/Z576 ,g 576=3i<Q ]B343|Q¦i!Łi(V¦;{;w g gŁ 2h;·eiZ;/gŁ 
















 ,). !#  +]	













Z;<3 h;ŁZ576=3Ł'¡ iŁ/3 /3 Q/NV6/ ;B3!]3!/£¢ii9/i¡g
¼
:
W;!ŁW;sŁ=3/gu9L6g¡ i(_{¦/ﬃ h6 !i576=3h;/o8Z;B3!i ¬
:
]//og;]V;B;
2h;!D¬ Ł=3/g!57683!W;¢ii9/!¡gZ;B3h_ ¥ 2h;x>¤/;{576]*3,gl=3!i  p
i
























































¶D=3!i/];! D6M8/V¤ii >	 :/f3r;i/ ];i ﬁ :3!/_]i3 Á¼©¾E¿Gs//3-V
,gYgh9i/3 Q! ;{;/-¼ :W;!ŁW;s 83!/ F/M i/Ł ;B3 :51=QZ; ;B3432<¢
i




































































































































































































































































































 4  
1
Ó^Ô.×
ÓSÕ Ô/.ÈÊÉÑ7b.×ÏÉÍIÓCÍ^Ë  Í^É½ÏÍ^Ë=1ÍÏÉÌË'&×Ë'&Í^Ë Õ ×5Ñ7b     'Í Î S×ÈÌÈÊÔÉÌË
FG

ÀQ Ï Õ Ë"Ë
3
ÉﬃÓ^Ô#F/QÓ^Ô8S×"Ñ7U,-Í^ÉﬃÓCÍQÓ^ÔÍ^Ô½É &YÏÉ 1Í Î Í^Ë'.ÉÍ ÎIÕÎ *@
x
(*)U×ËNUÔ½ÉÒË  Õ ×  Í^ÉÌËTÍ Î Ò  (




ÉﬃÓ^Ô ÏÉÍdÉÑ7bÔ½×_Ë'&Ó Õ ÈﬃÍ^ÉÌÔ½×Ë'&ÏÉÍ1Í^ÉÌËÏÍ^×ÔÁÉ &  ÍIÓ^Ô½É +ﬁ+ ÔsÍ¢























ﬀﬁﬂﬃ! #"%$ﬁ&('*)+,- /.10 23%4
¥ i D¡;{576Ł3B3 :¡¢¤/2ﬁi¤Ł83!iig>¡ iŁ6Ł{576ﬁ 2i576'ŁiŁ3562iZ576 
i
l!h;<3/2i<3ip¡ Q%>¤¡ i# @syg¡ i1;!2` 3¦i2/gixXN3!ﬃ8g/f3
:
/3{;!¡ i¢i









<ﬁ +-+- & *^'$# 8ﬃ<;?N. =;?N+-,/. D>:@?2 D
3BA
































































































































ﬁa!576=Q2i!2_g3!iQ2!¥/as8ﬃ :g/gxp];{576i/¡Ł£g xXN3 ]/3:/3r;¡¢
i


































































































































































GD8=#bWG ?G?G?]G o ?
¥ h;^Q3!i!IQ¦/2i Q2g;Z576!(V¦;B; 2@syg¡ ·
 ¡ G2D6ﬁ U b
gŁ@if3£@bi	
:
/f3-_©¥ 2h;G,g>2eŁiGg ']3!Z;!2i<3i¦i{;/¤I= ¡ G Q 
i
3r6Ł8/3;{576=¡ Q¦iM>¤¡¢i2 xXN382i!ŁW;]Łsyg¡ }







gŁ/_]if3 6g/¡ i g576>576
i
8gZ; Ł/G¥ ¢ii9/!¡gQg3r;!gŁsi i=3r6g3!iWZ;<3!ª
81 H
%¥ Łsy]¡¢q
  ¡ G if3Fª
bW_ DŁ(
	















à£B G Fà O 
L
















;B;!/gideiB36 ig42¦g g¡Ł/il\Y@Z;B3!/B3 ¡ ig	e;Z576]i2i Q¦i3!ii
>¤!
:
gN3!ŁV i¡ i;Q2 Ł/
C



























àB ﬁ O ¡ h9
:
/576 2  b\gŁs28i V gX>83{6if3r;	s
i
!j]oio/83!/576i¥  f3/g;!¡ iiZ576>i

=34 ¥iŁ) D¡¡2/ŁR_


















































'i¦i/Ł2(,Dg iZ¦g!/g¡/gF 576lg¡¢¡¢!9i',6i¡ i ¡¢/ŁA9iŁ





















dei ŁiWg; i ¥ 	!iN9i/!¡]g38s/ D343/Fgif3Wg2/i^62i!2 gŁ*3!!
i




























































































































































 ?  D+)(
 gN3 OD_2b\ﬁZ;<3  gŁ*
 	




















































































































s23RQ¦i3!iB6/£  =4 O  : g2/li¡ ]3!576=343i

Ł=3?





  O Ł ;! 3





















¥ / ;B;gaŁi ;{576=Q576<WXN3!ﬃ Z;B3!Z;B576il¡94Q _X h;{;ﬃ Z;<3Z;B576i
:
W;¡g]if3]]







=lkF m8F<;B32_,g/¥2ﬃ Mg;BX=3g @
L
7o8G






















Z576=3g¡Łh;B576/W;B;! Łl 3¦/xpi2Ł   bW_F








=3!Q!Łﬃ /]3{9]3!i  286¡¢Łg/; Z576=3Ł83!i
i
;!N57683h_¥  ﬁ ]\:Z;<3-V;B;}*Q/ ﬃ sg/ipZ;{XŁ/i Ł ;B3!!2iB31 ii
>[Y@Z;B3!i9 576836];!576i<3qQ¦iiS,g(_
'

































































































































































b   d )(S 7bSR\M 7b
K






































































































































U  M .1M
K
Y 
> ;|9i/3|;!Z576V;B;;L¬ ];B3{6g3!i g i p¦i2
H






























































































































































 ?  D+)(






































7:Ł/¥ g/2igi!g/2 i2i<3ip 3;{576

 83! 2I  ¡ G\_














































































































































]¡h;B576/;{;!¥Ł QiU D_FWi2]3{9]3 ﬁ 2i576'Łﬁ/

 








































































s/3Ł/ V gX>83{6if3¥ 
¹'º






¡ iZ6Ł! i2i=32Z576 ¥ f32;!¡ ii576(_
deigi];¦2  -8«N_   h9i23|>¤
:







W; i2 Łiqph6gXN3! i]=3i ¡ Q%>¤¡ i# DŁsyg¡  9i 9ii2i_
¥ 1p]Q¦i;l
:





























;!Łi ¡ iL¦i<QŁ gŁi!£gZ;o Ł/3{9 «_ bM i]=3i

=34 ¥iŁ)
































































































































































































































































































































































W;¡g]if3 ;!i 6 p]Q¦i; 6/
 / sg/V@
:


































































































5  4  4   





























  ¡ Gg576 ¡¢ X¢];{;!
ﬀ








































)ﬁ U  -µ













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
  
 
   
   
 
  
   
 
   
  
 
   
   
 
    
   
 
    
   
  
   
   
  
   
   
  
   
    
  
    
    
  
    
    
 
    
    
  
    
    
  
     
    
  
     
     
  
    
     
  
     
     
 
     
     
   
     
      
  
     
      
  
      
     
   
     



































































































































































































































































































































































































































































































































































































































































































































   
   
   
  
 
   
   
 
   
   
 
    
   
 
    
   
  
   
   
  
   
   
  
   
    
  
    
    
  
    
    
 
    
    
  
    
    
  
     
    
  
     
     
  
    
     
  
     
     
 
     
     
   
     
      
  
     
      
  
      
     
   
     













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































      
	k    
   -ﬂ









2/:e ' :D=("ﬀ= ' : -







































































































































































































































































































































































































































































































































































      
	k    















































































































































NM7603.)!# "D4k:D?.#M7 #-:L5 %














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































% % % % %
% % % % %
% % % % %
% % % % % % %
% % % % % % % % %
% % % % % % % % % % % % % % % % % % % % % % % % % % % %
% % % % %
% % % %














































































































% % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % %
% % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % %











































































































































































































































































































































































































































































































































































































































































































































































































































03: k.15-. _4+ 2-:L? 4-5 =B:L?A:L5
;+h:D5/: .15j:L.35/:) ¥  :L5u= #
9









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































      
	k    







































=@?A. "D:L5 ﬂ 4-5/2 : 	 =@0%
p
:D.3=B:L?B:D?



















?AH .  '/01."L.P= "L4
?B:










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 ) 8 Pﬂ
9















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































% % % %
% % % % %
% % % % %
% % %% % % % % % % % % % % % %
% % % %%
% % % % % %
% % % % % % %




































































































































































































































































































































































































































































































































































































































































































































































































































% % % %
% % % %
% % % %
% % %
% % % %
% % % %
%% % % % % % % % % %
% % % % % % % % % % % % %
% %% %
% % % % % % % %
% % % % % % % %
% % % % % %% %
% % %





















































































































































































































































































































































































































































































































































































































































































































































 .  i7036:L5-2/:L5
p
:L5-.16Jd=@:L5-J 6(>;C>%7"6 5 4-=("D+/?B.35/6:L5-2/: E,4-JBJ
9






































































































































































































































































































































































































































































































































































































































































































































































































































































5 "L:D.16= 5 4/5le'2
9















































































































































































































5/."!# = .15 








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































% k.P= 2/:L?c.158:) 
9





































































































































































































































































































































































   )



















































































































































































































































































































































































































































































































































 #/:D7?B.3:"2/:L? 03:L:L?A:L5 k:L5-6:

+h:DJ.!#/?A.1:L+': %





































































































































































































4/?B2-: 2/.3: (7K '
9 



























































































































































































































































































































































































































































JAJ.  	7?AJA=@:#/:L5-2/:L5 
9






































































































































4/5/2NJB7 g.3= g.3= 01:D2/.1601.)!#
017
t9










































:L?A2/:L5 %L:D2/.1601.)!# .15 EG4-HI6
9












































= #/:D.3= 2/:DJ (?
9






































































































































































































































































































































?A:L5 i7?  	7?*%
 JA=(5 4/5 ﬂ:ﬂ



































































































































































































































































































































































































































































































































































=&" "L4 :D.15/:# EG0167?A.3=.#+_4/Jj7
































































































































































































































































































































:L.35}:L.35/2/:D4-=@.36Q+':LJA=B.  Q=@:D? 
































































































      
	k    
   !$\
ﬃ  - -
%  




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 o    D  e j














































	  ﬀﬂﬁﬃ! "$#ﬂ% '&)(*,+-#ﬂ




































































































































































































































































 ﬂc4/5/2 :ﬂ ﬂ

	75






































































 o    D  e j

















































































































































































































































































































































































 o    D  e j
	    7   e  !





































































































































































































































































































JB:D.15 2-:L? <K:L2/.35/64/5/6 ﬂ  )$
	
"L4 	:L?B. 	







































































































































= 	75 5 =B:L?A:LJBJA:Q.3JA=,%
 o    D  e j

















S:ﬀ=@?B.3J.!#/:D5 $ '-=@.$S.3:L?A4/5/6Q4-5 =B:L? -































































































JBJd=fe >=@:D0103:L5 : -.3JA=B.1: -





















































4&#/?d=,%  5_2/:D?F5 4/5nHI7016:D5/2/:D5D6 4/?:"L:L5-.
9
?BJA=B:L03014/5/6




























2/:D? =B7 ' 70176.1J.!#-:L5~;.16:D5/J.!#
9














































03=@.36,6:D.3=2/:D?.r. g:L5/JA.175ﬂ % .r.1:CEG+/01:D.3=B4/5/6,2-:L?/i4/5E6u=B.175
:ﬂ
0















































































  ﬂ g.3= 
  
8 @-e2 % # %:DJ











































       	
































































































































































  A¡  f¢  ¤£  cde|^®l
~






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































n n n n n n
n n n n n
n n n n n
n n n n n n
n n n n n
n n n n n n
n n n n n
n n n n n n
n n n n n
n n n n n n
n n n n n
n n n n n n
n n n n n
n n n n n
n n n n n n
n n n n n
n n n n n n
n n n n n
n n n n n n
n n n n n
n n n n n n
n n n n n
n n n n n n
n n n nn n
n
n n n
n n n n





n n n n n
n n n n
n n
n n
n n n n n
n n n n
n n
n n
n n n n


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 Ñ Õ7ä VÞ|Ó"!tàâ
Î#
Û
ðÜÓ ÔþØ ÜÑqÐ 7ä $!
Ú






ð Õ*Þﬂﬁ jÔ5ÔþØáñì*!  Õ*Þﬂﬁ jÔ5ÔþØÑqÐ ÝÐ,+ 
Ï






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































% ð Ð Ù;Ú Ø Mô/.0Ò 0
ﬁ
2
àÕ|Ñ  Ù é3 jÓJÐ5× NKÐ¼Ñ ÕMì 
@Ð5ØÐáí4Gü#ñdújý !5 VÞ

































































































































































































































































































































,|ﬁ'AªU029,Dv29W&'l2 w&'*).1b&(¼±2ﬀ_ 1B)9ﬂﬁN1B 
¨
%






















































Õ5Þﬂﬁ ¬Ô5ÔþØGÑqÐ Üä Þ|Ó"!tà â
Î#
Û
ð ÑqÐ Üä $!
Ú















































































































































o©^ª o©)«<¬­¬ o©)ª3®  
¥¯¥
o© + ﬁ ±°²u³"!ﬁ´k o©)ª  ¬Vµoªo¬´·¶ ﬁ >³>¸!¬x°
§

















































































































































































































































D 2,P:gﬂﬁ'ﬁ( Yﬂ2$,ﬃ y&(  1B)9ﬁ'1B Y:ﬂ,ﬀﬃ*)&'2  &'ﬀ1X\ &OR 
%
1B ,







































 !+.&([ [&( ,ﬀ1ﬃ
?,ﬀﬁ 
%
L6&'1B,ﬃk1B G\ *4&  bﬂ*):>ﬁ(ﬁ'[&( )72&'ﬃ  *4 &(ﬀ+&( ﬁ(< 
%
ﬀWX*).1ﬃ 1Wj4 ,ﬃ2 GD












































































































































































































































































































































































































































































































































































































































































































































































 ﬃ*)ﬁﬃﬀ) &'1E[ﬂﬁ \+$,ﬂ#
%
ﬂ




























































































































































































































































































































































ﬁ'&(*) ,ﬀjE&'ﬃ_·ﬂ,? 1xj4ﬂ".ﬁ ﬂ,ﬀ,ﬀ
Å























































































































































 W<'l2 ,8"k1B,B*).1ﬃ 1ﬃ 	
%
.1ﬃ&V$Y: ,ﬃ&! 9[&',ﬃﬂ,DSjE I
)9ﬂﬁ'g
%
LA&'gM1B,ﬃ   4kj4 &(3)&',^:ﬂ,ﬃ[ &(*)1Bk1Wj_&',ﬃ2G\ﬂ)ﬁhﬂ,QHﬁ(ﬁ'y &([ ﬁ($
4 W ,
%
  2&(#"ﬀkj4 &(ﬁ'&(ﬂ$ﬂ*)ﬁ(ﬂb ,ﬃﬁ #
%

































































































































































































































































































































































































































































































































































































1B  &'ﬀ1\#e| f2,



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































                                                        
































                                                                                                          
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































L8<3HKJ;564 _658G 9%587ﬂd;5KLKL8GQefG@L8>G@LgHKJ;564 587;:4A%5KJ;564`L58G@L5 <%43> 587 9%564 L8<`_5A=a@b=_K:=a8564,h
i
bgL8<%4 














































































































>L8GIHKJ 9=G'5B_65KJ`:=<|dC> 58>:53:=>ﬀL.:HKJ;5Kx 9O:LKL
T































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































G@L8>D8G"LD9=G@LKr7 D8> D<$"C9  DIAED#"
9ED87,fbed`:r>QJ@D8GQ>j=b%"








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































L D8G	D8G"LDU_K?KA=aN RdC7 i<&"AED#" :O_5AEDKLgHKJa@bgLKL D#"LD 	 h]s 
i
6 _ D87 














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 Y}  
ﬁ ﬃ 
" 9ED87 <	{;AO:O_ D,km^n^op D87Q{
i




9=G D "'"C:Je D#"






" 9ED87_K?KA=aN RdC7 i<&"AED#" :O_5AED 
















L D8G D#" :=aQa D	C{&:O9EDfa@bgr=:=a D87 slG
"3GQeE:d`:=7;:=e D8> D878eE:GQeE:=aN


















































































{ i<7~ DF9EDKL ?.<}a i:LKL8GAEDcOxq9O:"'" G@L8>
T





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































! ( %$!*HFX+ﬁA-0HL8 #'>'S%2$BQﬃ
,
















































































































































































 iﬃ S!*%.I0#&`>%2!D 4 X+%
 ﬃﬂ
8HFX+6? M8  (!*ﬃ!  jV>!D"!*ﬀ_'-ﬂﬃ
,
ﬃ7!*%5X&6?GHD














































































































































































































































































































































































#6-0`>IK8ﬁ ﬁ7(ﬃ 6?#&"E *8X
,
'SHJﬃ V&ﬃﬁ0!8M!*ﬁ3'S%2? %*#
,L,
ﬃ6?^9



_'!D%*#6-0ﬃ08>H  1!*H2!$#&%2/f`
$
%$Q/!F!FEGﬃ 6?GH Y9
ﬀ@

*


#!


	
 X -
*#	
ﬂ


YSR

5





ﬀ
A
Ha*#	

3
 

O21
RQ-m
-h 

	
 	
*
ﬁ
*


8
#&% N-ﬂIK8%
,
X+"E


ﬁ7!*ﬃ0/f`Q?6! (ﬃ7/f`"-.9

5





*
A
Ha* 	

Pﬀ#



R
 
D
1
k
